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PREFACE 
A r c t i c  Alaska 's  enormous reserves of coa l  may be a significant f u t u r e  
sou rce  a£ energy f o r  the  United States and for t h e  P a c i f i c  Basin. Large 
c o a l  r e s e r v e s  have been developed i n  t h e  A r c t i c  p o r t i o n s  of Euras i a ,  where 
problems s i m i l a r  t o  t hose  t h a t  might be  encountered i n  Alaska have a l r e a d y  
been faced. To determine the nature of t h e s e  problems, the I l i n e r a l  I n d u s t r y  
Research Laboratory of t h e  U n i v e r s i t y  of Alaslca, under c o n t r a c t  S 0133057 
w i t h  the U.S. Bureau of Mines, has  conducted a l i t e r a t u r e  rev iew on Eur- 
asian c o a l  mining and v i s i t e d  mines i n  Svalbard,  Norway; Carmacks, Y.T.; 
and Healy, Alaska. The purpose was t o  e s t a b l i s h  t h e  most s i g n i f i c a n t  phy- 
s i c a l  c o n s t r a i n t s  which may app ly  t o  t h e  eventual development of Northwestern 
A r c t i c  Alaskan coa l .  
The r e p o r t  concludes t h a t  s p e c i a l  c o n d i t i o n s  and c i rcumstances  exist 
i n  A r c t i c  Alaska which may r e q u i r e  mod i f i ca t ions  of s t anda rd  U.S. mine 
r e g u l a t i o n s  and p r a c t i c e s ,  and c a u t i o n s  a g a i n s t  an au tomat ic  t r a n s f e r r a l  
of e x i s t i n g  p r a c t i c e s  and procedures  from t h e  " ~ o w e r  ~ o r t y - e i g h t "  t o  A r c t i c  
Alaska. I n  a d d i t i o n ,  t h e  r e p o r t  p a r t i c u l a r l y  s t r e s s e s  the need fo r  a 
broad view of the t r ade -o f f s  involved i n  e s t a b l i s h i n g  mine v e n t i l a t i o n ,  
dust  suppress ion  and water  supply  requirements, and suggests t h a t  no solu- 
t i o n  p r e s e n t l y  e x i s t s  f o r  t h e  problem of d u s t  suppress ion  i n  w a t e r l e s s  
law humidi ty A r c t i c  coal mines employing extremely h igh  speed mining machin- 
ery. With t h i s  except ion,  however, coal mining on both  a large and a  
small s c a l e  e x i s t s  i n  the Euras ian  A r c t i c  under c o n d i t i o n s  s i m i l a r  t o  those 
found i n  A r c t i c  Alaska, i n d i c a t i n g  t h a t  t h e  t e c h n i c a l  problems involved 
have been l a r g e l y  solved.  
The r e p o r t  is  short and presents  t h e  conclus ions  which are suppor ted  
by the i n fo rma t ion  given i n  t h e  five appendices ,  each of which i s  des igned  t o  
b e  read s e p a r a t e l y .  Appendix A p r e s e n t s  the r e l e v a n t  in format ion  ob ta ined  
a n  Svalbard and Greenland inc lud ing  a r e p o r t  on t h e  v i s i t  t h e r e  i n  t h e  
suumer of 1974. Appendix B p r e s e n t s  d a t a  on no r the rn  c o a l  mining i n  t h e  
USSR and summarizes what is  known abou t  t h e  phys i ca l  c o n s t r a i n t s  encountered 
by t h e  Russ ians  i n  developing c o a l  mines i n  A r c t i c  S i b e r i a .  Appendix C 
p rov ides  t h e  t r i p  r e p o r t s  and o t h e r  d a t a  obta ined  on t h e  mining o p e r a t i o n s  
a t  Healy, Alaska,  and Carmacks, Y.T. 
Appendix D c o n t a i n s  two t r a n s l a t e d  b i b l i o g r a p h i e s  of Russian language 
materials and i s  designed f o r  t h e  r e a d e r  who does n o t  understand Russian 
b u t  w i shes  t o  know t h e  n a t u r e  of t h e  l i t e r a t u r e  a v a i l a b l e .  Th i s  appendix 
b u i l d s  upon t h e  informat ion  provided i n  t h e  Summary Report  of June ,  1974. 
F i n a l l y ,  Appendix E presents an a n a l y s i s  of the probable r e l a t i o n -  
s h i p s  t ha t  could exist between t h e  environment and t h e  development of 
l a r g e - s c a l e  Arctic c o a l  mining. It i s  designed t o  provide  some g e n e r a l  
g u i d e l i n e s  f o r  u s e  i n  planning t h e  f u t u r e  development of A r c t i c  Alaskan 
coa l .  
The r e a d e r  i n t e r e s t e d  only  i n  t h e  conclus ions  may r e s t r i c t  himself 
t o  the Report  and, i f  he d e s i r e s  more in format ion ,  Appendix E. The reader 
concerned abou t  the suppor t ing  m a t e r i a l s  used t o  r each  t h e  conc lus ions  
should c o n s u l t  Appendices A ,  B and C. The r e a d e r  i n t e r e s t e d  i n  the Russ ian  
language l i t e r a t u r e  should review Appendix D.  
The r e p o r t  w a s  w r i t t e n  by D r .  Donald F. Lynch, with suppor t  f rom 
D r .  Ernest: N. Wolff and D r .  Nils I. Johansen. Appendix A was w r i t t e n  by 
if 
Dr. Lynch w i t h  suppor t  f iom Dr. Chris  Lambert, Jr., and Dr. Johansen. 
Appendix B was written by D r .  Lynch. Appendix C was written by Dr. Wolff 
with Dr. Lynch and N r .  John Wiebmer . Appendix D was written by Mr. N i a l l  
C. Lynch. Appendix E was written by Dr. Lynch with assistance from 
Dr. Johansen. Pluch of the l i t e r a t u r e  search and some of the t rans la t ions  
were done by Mr. Adadu Yemane and Mr. Sverre S. Pedersen. 
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Considerable advice  and a s s i s t a n c e  w e r e  rece ived from a great 
many p e o p l e ,  including r e p r e s e n t a t i v e s  of the Norwegian Government, t h e  
Greenland Technical Organizat ion,  S to re  Norske Spi tsbergen Kulkompani 
A I S ,  A r k t i k  Ugol', Greenland Geological Survey, the Tanta lus  But te  
Coal Company, t h e  U s i b e l l i  Coal Company, A/S Norsk P o l a r  Navigasjon, and 
other organiza t ions .  The s tudy  team wishes par t i c ; l a r ly  t o  record i ts  
g r a t i t u d e  t o  t h e  Norwegian engineers and miners on Svalbard f o r  t h e i r  
cooperation and f r i e n d s h i p  and t o  the engineers of Ark t ik  Ugol' f o r  t h e i r  
cooperation and openness in providing information. It does appear t h a t  
miners, regardless of n a t i o n a l i t y ,  have a common bond of friendship which 
transcends political b a r r i e r s .  
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INTRODUCTION 
Coal mining i n  t h e  A r c t i c  faces some s p e c i a l  c o n d i t i o n s  and circum- 
s t ances  which may r e q u i r e  mod i f i ca t ion  of s t anda rd  U.S. mine p r a c t i c e s  and 
r e g u l a t i o n s .  P r a c t i c e s  normal i n  t h e  "Lower.Forgy-eight1' cannot b e  auto- 
m a t i c a l l y  t r a n s f e r r e d  t o  A r c t i c  Alaska wi thout  cons ide rab le  r i s k .  ?'his 
conclus ion  w a s  reached by s tudy  of A r c t i c  c o a l  mining exper iences  i n  
Euras ia  where problems s i m i l a r  t o  t h o s e  i n  Alaska e x i s t .  
Eurasian A r c t i c  c o a l  mining has  a l ong  h i s t o r y ,  and c o a l  has been pro-  
duced on a l a r g e  scale f o r  a t  l e a s t  Tor ty  yea r s .  The major producer is i n  
t h e  Pechora Basin,  a t  t h e  no r the rn  edge of t h e  U r a l  Mountains. Smaller but  
s t i l l  s i g n i f i c a n t  mines e x i s t  on t h e  is land of Vest Spi t sbergen  i n  the Sval- 
bard Archipelago,  near Nor i l ' sk  i n  t h e  upper Yenisey Basin, i n  Yakutiga 
and Magadan, and elsewhere. Coal is  a l s o  produced a t  Healy, near  Fairbanks, 
Alaska, and a t  Carmacks i n  ~ a n a d a ' s  Yukon T e r r i t o r y .  ( S e e  f i g u r e s  p. SA, 5, C) 
The environmental  c o n s t r a i n t s  on A r c t i c  c o a l  mining d e r i v e  from t h e  
cold c l i m a t e ,  h i g h  winds, permanently f r o z e n  nature of t h e  rocks,  and 
remoteness from major centers of popula t ion .  These p h y s i c a l  f a c t o r s  can  
have a major i n f l u e n c e  on roof suppor t ,  v e n t i l a t i o n ,  mine openings, d u s t  
gene ra t ion  and suppress ion ,  c o a l  washing, p r o d u c t i v i t y  and suppl ies .  I n  
a d d i t i o n ,  t hey  a l s o  impact on s u r f a c e  works, t r a n s p o r t a t i o n ,  and personnel .  
Mining i n  permafros t ,  p roper ly  conducted, has some advantages,  among 
them be ing  t h e  fact  that  the  low tempera tures  assist i n  main ta in ing  roof  
s t a b i l i t y  and t h a t  abandoned shaf ts  can  s imply be f looded with water t o  
prevent  s u r f  a c e  subsidence. 
A c r i t i c a l  problem area for l a r g e  s c a l e  s u r f a c e  and underground mining 
w i l l  be dus t  suppres s ion  i n  an e s s e n t i a l l y  waterless mine. Under w in te r  
cond i t i ons ,  d u s t  g e n e r a t i o n  i s  s i g n i f i c a n t l y  i nc reased ,  w h i l e  t h e  use  of 
water  f o r  d u s t  suppres s ion  may be  impract ica l .  
Another problem a r e a  i s  v e n t i l a t i o n .  High v e n t i l a t i o n  requirements  
may inc rease  d u s t  gene ra t ion ,  reduce worker comfort,  and c r e a t e  d i f f i c u l t i e s  
i n  roof c o n t r o l  and mine s h a f t  s t a b i l i t y .  
The r e p o r t  p r e s e n t s  major conclusions,  wh i l e  the appendices  provide the 
suppor t ing  informat ion .  Each appendix is  designed t o  b e  read s e p a r a t e l y ,  
Appendix A d i s c u s s e s  Svalbard, B - S i b e r i a ,  C - Healy, Alaska,  and Carmacks, P.T. 
Svalbard, located due North of Norway a long  t h e  78 th  p a r a l l e l  of l a t i t u d e ,  
h a s  a h i s t o r y  of coal mining going back t o  t h e  beginning  of t h i s  century.  
Coal has  been mined by companies organized by Americans, Dutch i n t e r e s t s ,  
Swedes, Norwegians and Russians.  A t  present  the on ly  c o a l  mining o p e r a t i o n s  
a r e  those  of t h e  Russ ians  and the Norwegians, bo th  of whom appear t o  be 
planning s i g n i f i c a n t  f u t u r e  expansion of underground mining. 
Coal mining, w h i l e  o l d  i n  S i b e r i a ,  began t o  be economical ly s i g n i f i c a n t  
i n  t h e  e a r l y  1930s w i t h  t h e  development of t h e  Pechora c o a l  b a s i n ,  l oca t ed  
t o  t h e  n o r t h  of t h e  Ural mountains.  This  b a s i n  today produces about  20 
m i l l i o n  tons  of high grade  coal used f o r  m e t a l l u r g i c a l  and thermal purposes 
i n  the energy d e f i c i e n t  n o r t h e r n  p a r t  of European Russia .  Mining i n  N o r i l ' s k  
nea r  t h e  mouth of the Yenisey River ,  has  a l s o  been s i g n i f i c a n t  f o r  suppor t  
of the town and n i c k e l  mining and r e f i n i n g  i n  this a r e a ,  The Lena Basin, 
one of t h e  g r e a t e s t  p o t e n t i a l  c o a l  bas ins  i n  the world, h a s  been developed 
primarily f o r  l o c a l  u se ,  bu t  may have a s i g n i f i c a n t  f u t u r e  as a major pro- 
ducer  of coal f o r  e a s t e r n  Siberia and the  Sov ie t  Far  East. 
Healy, Alaska,  has  been t h e  s i t e  of coal  mining f o r  about  f i f t y  y e a r s ,  
and today provides  a s i g n i f i c a n t  po r t ion  of t h e  energy consumed i n  t h e  
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e l e c t r i c i t y  producing p l a n t s  i n  Fairbanks,  Alaska. Carmacks, Y.T., has 
been t h e  s i t e  of coal  mining s i n c e  the Yukon r i v e r  boa t  days when i t  served 
. "  . 
the  v e s s e l s  moving from Whitehorse t o  Dawson and farther downstream. Today 
i t  produces coa l  f o r  u s e  i n  t h e  o r e  reduct ion  p l a n t s  a t F a r o ;  
The l i t e r a t u r e  a v a i l a b l e  i n  Russian, while ex tens ive ,  focuses more on 
t e c h n i c a l  problems a f f e c t i n g  s p e c i f i c  mines r a t h e r  than on the c o n s t r a i n t s  
a f f e c t i n g  Arc t i c  coal  mining. Finding t r u l y  r e l e v a n t  information has n o t ,  
t he re fo re ,  been an easy t a s k .  The sources  known are presented  i n  Appendix D 
and i n  the  Preliminary R e ~ o r t ,  June,  1974. 
The f u t u r e  of Arc t i c  Alaskan c o a l  w i l l  depend upon a v a r i e t y  of f a c t o r s ,  
and these  w i l l  inc lude  t h e  r e l a t i o n s h i p  of mining t o  the l o c a l  physica l  and 
human environment. Appendix E assesses this r e l a t i o n s h i p  i n  t e r m s  of the 
environment's impact on p o s s i b l e  mining opera t ions  and t h e  impact of mining 
on t h e  environment. The r e l a t i o n s h i p s  are assessed i n  t e r m s  of Eurasian 
A r c t i c  experiences and knowledge of Alaska. 
The study has s t r e s s e d  e s t a b l i s h i n g  those f a c t o r s  which make Arc t i c  
c o a l  mining d i f f e r e n t  from coa l  mining i n  o the r  p a r t s  of t h e  world. The 
Report and a l l  the  appendices focus on this problem r a t h e r  than on a genera l  
d e s c r i p t i o n  of the  h i s t o r y  and p e c u l i a r i t i e s  of i n d i v i d u a l  mining opera t ions  
and n a t i o n a l  p o l i c i e s  toward c o a l  mining. Successful  opera t ions  will con- 
sider t hese  f a c t o r s  c a r e f u l l y  i n  a l l  stages of mine planning,  development 
and opera t ions .  F a i l u r e  t o  do s o  may cause c o s t l y  mistakes.  The low temper- 
a t u r e s  and humidit ies  and deeply f rozen ground of A r c t i c  Alaska are s p e c i a l  
and unique phenomena not  found i n  o t h e r  American c o a l  has ins .  Ignoring t h e  
c o n s t r a i n t s  they represent  on mining a c t i v i t i e s  can cause extreme d i f f i -  
c u l t i e s ,  U t i l i z a t i o n  of the positive aspec t s  of cold  and permafrost can, 
on the other hand, r e s u l t  i n  s i g n i f i c a n t  advantages both i n  mining opera t ions  
and environmental p ro tec t ion .  
Glossary of Some Norwegian and Russian Words 
9 
Arktik 
A/ S 
berg 
b j Qrn 
bukta 
by 
by en 
d a l  
dalen 
Dkt . 
fjord 
f j orden 
grdn (4 
gruve 
gruven, gruva 
havn , hamn 
hval 
kompani 
k u l l  (kul) 
neset 
Nkr . 
nY 
letter not  found i n  the English alphabet (= aa) 
Arctic 
Inc , 
mountain 
bear 
the bay 
town 
the town 
valley 
the valley 
Danske kroner (1 Danish krone. = U.S. $.18) 
f j o r d  
the f j o r d  
green 
mine 
the mine 
harbor 
whale 
company 
coal 
the peninsula 
Norske kroner (1 Norwegian krone = U.S.  $.20) 
new 
stor, s t o r e  
sund 
talik 
ugol ' 
letter not  found i n  t h e  English alphabet (= oe) 
i s  land 
the island 
great, greater 
sound (body of water) 
unfrozen (thawed) area within  permafrost 
the bay, t he  inlet 
coal  (Russian) 
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ALASKA BASED ON REVIEW OF EURASIAN ARCTIC PRACTICES 
GENERAL 
CONSTRAINTS IN NORTHWESTEFX ALASKA 
CONSTRAINTS ASSOCIATED WITH PERMAFROST 
3.1 Roof Support 
3.2 Ventilation 
3.3 Cons t ra in t s  associated with frozen water 
3.4 Constraints associated with low ambient a i r  
temperatures 
3.5 Coal washing 
CONSTRAINTS ELATED TO REMOTENESS 
4.1 Small Scale Local Mining 
4 .2  Large Scale Mining f o r  Expor t  
4 .3  Worker Morale 
4.4 Productivity 
4.5 Supplies, Spare Parts Inventory 
EPIVIRONMENTAL PROTECTION 
FACTORS COMMON TO TIIE MAJOR ARCTIC COAL YINES 
STUDIED 
CONCLUSIONS 
The l l ine ra l  Indust ry  Research Laboratory of the University of Alaska, 
under con t rac t  S 0133057 wi th  t h e  U.S. Bureau of Mines, has  completed a 
review of Eurasian Arctic mining practices t o  determine the c o n s t r a i n t s  
which may exist on c o a l  mining i n  northwestern Arc t i c  Alaska. This  r epor t  
summarizes the l i t e r a t u r e  search and v i s i t s  t o  coal mines i n  Svalbard, 
Norway; Healy, Alaska; and Carmacks, Y.T. The information developed 
through the l i t e r a t u r e  search and visits is  presented i n  Appendices A, B, 
C,  and D, which support t h i s  r e p o r t .  
W h i l e  t h e  amount of informat ion  available on Eurasian c o a l  mining i s  
extens ive ,  most of i t  is  no t  r e l e v a n t  t o  e s t ab l i sh ing  c o n s t r a i n t s  on the 
development of A r c t i c  Alaskan coal. Every mine, every mining opera t ion  and 
o rgan iza t ion  is so d i f f e r e n t  from every  o ther  i n  terms of h i s t o r y ,  political 
environment, phys ica l  environment, economic f a c t o r s ,  and geologic character-  
i s t i c s  t h a t  i s o l a t i n g  common f a c t o r s  has been difficult. 
This report focuses on those  f a c t o r s  which can b e  sa id  t o  be unique 
t o  Arctic coa lmin ing .  It focuses on four major c o n s t r a i n t s :  permafrost,  
frozen water, l o w  ambient a i r  temperature, and remoteness. It also addresses 
t h e  q u e s t i o n  of environmental p r o t e c t i o n ,  t h e  p o l i t i c a l  and economic f a c t o r s  
common t o  the  mines s tud ied ,  and p r e s e n t s  conclusions and recommendations. 
2.0 CONSTRAINTS ON M I N I N G  OF NORTHWESTERN ALASKAN COAL 
The coal depos i t s  of nor thwes t  Alaska l i e  i n  t h e  western  por t ions  of the 
Arct ic  Coastal  P l a i n  and the  f o o t h i l l s  of the  Brooks Range. The g e n e r a l  
a r e a  can be divided i n t o  t h r e e  geographic regions: t h e  west Arc t i c ,  t h e  
Colville Region, and t h e  east Arc t i c .  The west Arc t i c  has permafrost 
extending t o  depths of 1,000 - 1,300 f e e t ,  mean annual p r e c i p i t a t i o n  of 10 - 
20 inches,  and a mean d a i l y  January temperature of approximately -17O~. 
The C o l v i l l e  region has permafros t  about 1,000 feet i n  dep th ,  a mean 
Janua ry  d a i l y  temperature of -1l0F, and average annual  p r e c i p i t a t i o n  of 4 
t o  8 i n c h e s .  
The east  Arctic has a similar environment, w i t h  a mean January  daily 
t empera ture  of -17OF. 
I n  this gene ra l  area, summers a r e  extremely short.  and c o o l  (with 
extreme recorded  h ighs  of +75 t o  -t-8n°F, and extreme win te r  lows of -57°F). 
Wind c h i l l  f a c t o r s  of -60°F a r e  f r e q u e n t  i n  win ter .  
The Arctic c o a s t a l  p l a i n  i s  characterized by a water logged l andscape  
w i t h  polygonal  ground and thaw l a k e s .  P e r i ~ l a c i a l  phenomena a r e  c h a r a c t e r i s t i c  
of t h e  f o o t h i l l s  of t h e  Brooks Range. 
Based on t h e  information ob ta ined  on Eurasian A r c t i c  c o a l  mines, the 
p r i n c i p a l  p h y s i c a l  c o n s t r a i n t s  on c o a l  mining i n  Northwest Alaska are the 
fo l lowing  : 
- problems a f  mining i n  permanently f rozen  ground, including ice  
r i c h  permafrost  ; 
- problems of using water f o r  d u s t  suppress ion  a t  temperatures  below 
f r e e z i n g  ; 
- problems of ope ra t ing  i n  an  environment wi th  low e x t e r n a l  ambient 
air temperatures;  
- problems of remoteness. 
Most publ i shed  informat ion  available concerns underground rather than 
surface mining. Surface  mining problems f o r  a sma l l  scale sub-Arct ic  oper-  
a t i o n  appear  t o  have been so lved  a t  t h e  U s i b e l l i  Coal Mine n e a r  Healy, Alaska. 
Here dipping s e a m s  are be ing  mined under permafrost  cond i t i ons  i n  a r e g i o n  
of ex t remely  low win te r  wind-chi l l .  
S o v i e t  and Non~eg ian  expe r i ences  i n  underground Arctic coal mining demon- 
strate t h a t  t h e  problems involved have been solved f o r  mining t echniques  t h a t  
do n o t  employ extremely h igh  speed machinery. 
Coal has been t r anspor t ed  hy sea i n  t h e  Arctic f o r  commercial purposes 
since t h e  beginning  of this centurv.  Long over land  haulage  of c o a l  i n  s i g n i -  
f i c a n t  q u a n t i t i e s  has  been p rac t i ced  i n  t h e  S o v i e t  A r c t i c  since the e a r l y  1930's .  
S i g n i f i c a n t  f u t u r e  deve lo~men t  of Arct ic  coal  appears t o  be  planned by 
both the Norwegians on Svalbard,  and t h e  S o v i e t s ,  i n c l u d i n g  p a r t i c u l a r l y  t h e  
Yakutsk - Lena Basin reg ion .  
Based on h i s t o r i c a l  da ta  and c u r r e n t  r e a l i t i e s  t h e r e  i s  no over - r id ing  
t e c h n i c a l  reason ,  except t r a n s p o r t a t i o n ,  why ~ o r t l t i 7 e s t e r n  Alaskan c o a l  could 
n o t  b e  u t i l i z e d  a t  t h e  p re sen t  t ime w i t h  t echno log ie s  and mining p r a c t i c e s  
t h a t  a r e  a l r e a d y  known and i n  ope ra t ion .  According t o  a l l  t h e  informat ion  
c o l l e c t e d ,  these t ethnologies and mininq p r a c t i c e s  are wi thou t  except ion  
mod i f i ca t ions  of t hose  employed i n  non-a rc t i c  environments.  
3.0 CONSTRAINTS ASSOCIATED WITE PERMAFROST 
The effect of permafrost  on excavat ions  i s  a f u n c t i o n  of temperature 
and i c e  con ten t .  Cold permafrost is  cons ide rab ly  s t r o n g e r  than t h a t  w i t h  
a  tempera ture  j u s t  below f r eez ing .  I c e - r i c h  permafrost  is  more l i ke ly  t o  
cause d i f f i c u l t i e s  than ice-free perslafrost. Permafrost with t empera tures  
near  thawing is ve ry  l i a b l e  t o  c m t a i n  water  and thawed a r e a s  and t o  b e  
very weak. Some Russian sources have p laced  a rock  temperature of -1.3"C 
as a c r i t i c a l  lower boundary a t  which thawing problems develop i n  coal mines. 
3.1 Roof Support  
A i r  e n t e r i n g  an opening, regardless  of e x t e r n a l  ambient a i r  t empera ture ,  
a t t a i n s  t h e  tempera ture  of  t he  sur rounding  rock  after p e n e t r a t i n g  a d i s t a n c e  
of from 1Q0 t o  l , n O f ?  meters ,  depending on the ambient a i r  temperature and 
volume of a i r .  For t h i s  reason,  t h e  g r e a t e s t  d i f f i c u l t i e s  i n  roof suppor t  
are  encountered n e a r  t h e  onening. Various means of roof support  nea r  t h e  
e n t r i e s  have been adopted.  These i n c l u d e  roof b o l t s  and nets immediately 
a f te r  the mine is opened; extensive wood o r  c o n c r e t e  suppor t  f o r  permanent 
openings; and d r i l l  h o l e s  a longs ide  permanent v e r t i c a l  s h a f t s  t o  remove 
excess h e a t  , 
The problems are bo th  s h o r t  term and long term. The s h o r t  term problems 
a r e  s loughing,  rock  f a l l ,  and t h e  p o s s i b i l i t y ,  i n  some rock types and cond i t i ons ,  
of sudden rock f a l l s  due t o  s p a l l i n g .  A t  t empera tures  c l o s e  t o  f r e e z i n g ,  
t h e  i n t e r s t i t i a l  water may b e  unfrozen o r  i s  easily thawed, r e s u l t i n g  i n  the 
p o s s i b i l i t y  of sudden roof co l l apse .  
The long  t e r m  problem is a con t inua t ion  of the above and, i n  a d d i t i o n ,  
damage and misa l l ignment  of permanent s h a f t s  due t o  ground deformation. 
Long term thawing may also i n t roduce  water i n t o  the s h a f t .  
Beyond t h e  l i m i t s  o f  t empera ture  change, roof suppor t  problems appear 
t o  be  minimal. Re ta in ing  t h e  rock temperature,  p a r t i c u l a r l y  i n  the  -2 t o  
-10°C range ,  o b v i a t e s  t h e  need i n  many workings f o r  roof suppor t .  
3 . 2  V e n t i l a t i o n  
30 evidence was found of e f f o r t s  to  c h i l l  e x t e r n a l  a i r  before its entry 
i n t o  c o a l  mines. I n s t e a d ,  roof suppor t  i s  provided  i n  a r e a s  where warm a i r  
is in t roduced ,  hence  that a r e  s u b j e c t  t o  thawing. I n  some Sovie t  c o a l  mines 
incoming mine a i r  i s  hea t ed  when the e x t e r n a l  ambient a i r  temperature is 
-20°C o r  lower i n  o r d e r  t o  improve worker comfort underground. Some mines 
ev iden t ly  a l s o  ma in t a in  above freezing t empera tures  i n  w i n t e r  t o  facilitate 
the use  of wa te r  for dust control. The s h o r t  term e f f e c t  of this p r a c t i c e  
does n o t  appear t o  cause undue roof suppor t  problems, however, t h e  long term 
e f f e c t  may b e  s e r i o u s .  I n  some Sovie t  A r c t i c  c o a l  mines,  t h i s  p r a c t i c e  may 
c o n t r i b u t e  t o  i n c r e a s i n g  t h e  chances of spontaneous i g n i t i o n  of underground 
c o a l ,  sudden roof  col lapse ,  and s h a f t  deformation and cracking. 
The Soviet  mines employ (or a re  cons ider ing  employing) h e a t i n g  devices  
a long  t h e  working f a c e s  i n  r e t r e a t  long  wall mining t o  i np rove  worker comfort. 
S ince  i n  r e t r e a t  Lonqaall  mining t h e  roof is allowed t o  c o l l a p s e ,  t h i s  p r a c t i c e  
 could apnear t o  have no s h o r t  term ef fec ts  on roof suppor t .  The l ong  t e r m  
effect ~.rould depend on t h e  amount of t o t a l  h e a t  genera ted  and i ts e f f e c t  on 
roc!: temperature i n  t h e  o ~ e n i n g s  which would have compara t ive ly  long l i v e s .  
I t  probably is  minimal. Permafrost  r o o f s  are more difficult to collapse than 
non-f rozen r o o f s  i n  longwall  mining. 
Coal mine v e n t i l a t i o n  requi rements  depend on government mine safety codes, 
which t ake  i n t o  account worker s a f e t y  and comfort,  gas content and d u s t  con- 
t e n t .  For A r c t i c  mining, p a r t i c u l a r l y  w i th  high speed au toma t i c  equipment, 
t h e  s a f e t y  code regardin? v e n t i l a t i o n  should take t h e  follow in^ a d d i t i o n a l  
f a c t o r s  i n t o  cons ide ra t ion :  
- s u b s t a n t i a l  i n c r e a s e s  i n  d u s t  genera t ion  i n  w i n t e r  as compared t o  sunzer.  
- changes i n  rock tempera ture  i n  permanent o r  semi-permanent under- 
ground excavat ions .  
- creation of wind-chi l l  a long  t h e  working f ace .  
- tendency o f  high  v e l o c i t y  v e n t i l a t i o n  t o  spread  coal d u s t  under w i n t e r ,  
low humidity cond i t i ons .  
- e f f e c t  of h igh  v e n t i l a t i o n  requirements  on caus ing  o x i d a t i o n  of mine 
rock which i n  t u r n  can cause  an  inc rease  i n  bo th  rock temperature and 
t h e  p o t e n t i a l  f o r  soontaneous i g n i t i o n .  
- sublimation of i c e  i n  ice-hound rock o r  s o i l  w i t h  a s s o c i a t e d  d i s i n t e -  
g ra  t ion.  
None of  the mines s t u d i e d  had a  v e n t i l a t i o n  requirement along t h e  working 
face s u f f i c i e n t  t o  create s e r i o u s  wind-chi l l ,  b u t  this could become a problem 
w i t h  higher requirements .  The normal Eurasian A r c t i c  pract ice appears  t o  
1 b e  a wind v e l o c i t y  a c r o s s  t h e  face,  of L - 3 f t .  / s e c .  
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3 . 3  C o n s t r a i n t s  Associated w i t h  Frozen Water 
B v  d e f i n i t i o n  rock tempera tures  i n  permafrost  a r e  below f r e e z i n g .  This 
fundamental fact i n d i c a t e s  that water w i l l  f r e e z e ,  and this i n  turn can cause  
extreme d i f f i c u l t i e s .  
The use of l a r g e  amounts of water for dust suppression will soak  the 
c o a l  which w i l l  then f r eeze .  If i t  does n o t  f r e e z e  underground, i t  will 
c e r t a i n l y  f r e e z e  a t  the normal low w i n t e r  temperatures  encountered above 
ground. I n  a d d i t i o n ,  frozen water can c r e a t e  extremely unp leasan t  working 
c o n d i t i o n s  and even t he  hazard of  f r o s t  b i t e .  I c e  can a l s o  c l o g  nozz le s ,  
conveyors and o t h e r  equipment. Some Soviet coal mines i n  the Arctic are pro- 
v ided  w i t h  a c i r c u l a t i n g  hea t ed  wa te r  supply  system used bo th  f o r  d u s t  sup- 
pression and f o r  f i r e  f i g h t i n g ,  Th i s  appears ,  however, t o  be  a r e l a t i v e l y  
h igh  c o s t  m n n e r  of provid ing  water. Sometimes a l a n o l i n  t y p e  s o l u t i o n  or  an 
e l e c t r o l y t e  i s  added t o  hea ted  wa te r  used t o  supnress  d u s t .  The water  is 
sprayed  through nozzles along the working face and a t  selected t r a n s f e r  points. 
However, i t  seems t h a t  t h e  maximum amount of water which c o a l  can accep t  
w i thou t  f r e e z i n g  i n t o  unworkable lumps is about  8Y. 
Water i s  usually n o t  available i n  l a r g e  amounts i n  permafros t  c o a l  mines, 
and where  i t  does occur it is  more l i k e l v  t o  be a hazard r a t h e r  than a n  
a s s e t .  In some circumstances c r acks  o r  fissures may e x i s t  which can  cause 
sudden inflows of water from the s u r f a c e .  Water is  o f t e n  a v a i l a b l e  under  t h e  
permafrost ,  s o  t h a t  mining below t h e  permafros t  l e v e l  is  s i m i l a r  t o  t h a t  i n  
non-permafrost a r eas .  However, employment of water i n  l a r g e  q u a n t i t i e s  f o r  
d u s t  suppress ion  i n  sub-permafrost mines will lead to d i f f i c u l t i e s  i n  coal 
t r a n s p o r t  and s t o r a g e  p a r t i c u l a r l y  above ground under winter cond i t i ons .  
The Sov ie t s  employ l a r g e  vacuum systems r a t h e r  than water a t  underground 
coal t r a n s f e r  p o i n t s  i n  o r d e r  t o  remove d u s t .  Various vacuum systems are 
a l s o  employed f o r  d r i l l i n ?  equipment.  Pfine s a f e t y  r e g u l a t i o n s  r e s a r d i n ~  
water supply  requi rements  f o r  dus t  suppres s ion  i n  permafrost  mining will 
have t o  r ecosn ize  the  se r ious  d i f f i c u l t i e s  involved  i n  u t i l i z i n g  water. 
There i u  no known sys tem f o r  dus t  supp re s s ion  i n  permafrost  mines f o r  h igh  
speed mining equipment,  wi th  t h e  p o s s i b l e  excep t ion  of a i r  vacuums. 
3.4 C o n s t r a i n t s  Assoc ia ted  vith Low Ambient Air Temperatures 
The c o a l  r n i n i n ~  c o n s t r a i n t s  a s s o c i a t e d  w i t h  low e x t e r n a l  ambient a i r  
temperatures f o r  s u r f a c e  works are e s s e n t i a l l y  thegsame as those  f o r  any 
o t h e r  Arctic operation. Vehicles  u t i l i z e d  f o r  h a u l i n g  wet coa l  r e q u i r e  some 
means of p r e v e n t i n g  t h e  coa l  from f r e e z i n g  t o  the t r u c k  bed. Covering t h e  bed 
w i t h  a n t i - f r e e z e  h a s  been done, and a n o t h e r  t echn ique  employed is  t o  heat 
t h e  bed of t h e  truck with v e h i c l e  exhaus t .  
I n  the A r c t i c ,  even i n  a r e a s  wi th  l a w  snowfall, c o a l  s torage areas are 
bound t o  have  snow. When t h e  snow m e l t s ,  i t  a d d s  water t o  t he  coal which 
may f ~ e e z e ,  part ic t1lar l .y  i n  t h e  lower p o r t i o n s  of the p i l e .  The unper 
port3.on of t h e  p i l e  must be  removed and the lower allot.~ecl t o  thaw i n  the 
summer, be  r e - c l a s s i f i e d ,  and then shiwoed. 
A ~ p r o p r i a t e  measures f o r  p r even t ing  permafros t  degrada t ion  under  s u r f a c e  
s t r u c t u r e s  need t o  be taken ,  as w e l l  as  measures f o r  insur ing  v e h i c l e  oper-  
a t i o n ,  The latter may i nc lude  p rov id ing  hea t ed  warm-up sheds a s  well as 
low tempera ture  l u b r i c a t i o n .  Soviet p r a c t i c e  appears t o  i nc lude  t h e  u t i l i -  
z a t i o n  o f  thermo-pane trindows, i n s u l a t i o n ,  and double  heaters i n  t h e  v e h i c l e  
cabs. 1,ow w i n t e r  temperatures  i n c r e a s e  the  f a i l u r e  r a t e  of r i ~ p e r s  many 
f o l d  i n  s u r f a c e  mines.  
3.5 Coal Washin5 
Frozen water and low a i r  t empera tures  make n e t  coal crash in^, impossible. 
The Norwegian S t o r e  Norske Spi t sbergen  Kulkompani AlS u t i l i z e s  an air washing 
p lan t  a t  i ts  mines i n  Longyearbyen, Svalbard.  T h i s  p l a n t  separates coal  
from rock w i t h  a r i s i n g  a i r  c u r r e n t ;  poorly s o r t e d  coal i s  recycled.  In 
a d d i t i o n ,  l i m i t e d  hand p i ck ing  is  u t i l i z e d  a t  t h e  mine opening and s p e c i a l  
magnetic devices  a re  used t o  remove meta l  objects from the c o a l  e n t e r i n g  t h e  
washing p l a n t .  A l i m i t e d  amount of c o a l  i s  washed by wa te r  dur ing  t h e  
s u m m e r  months a t  t h e  U s i b e l l i  Mine, a t  Healy, Alaska. The Norwegian Kings 
Bay Kulkompani A/S b u i l t  a water  washing p l a n t  f o r  summer t ime o p e r a t i o n  a t  
their mine i n  Ny Aalesund, Svalbard.  However, t h &  p l a n t  was n o t  ope ra t ed  
for very  long due t o  a c a t a s t r o p h e  a t  the mine. 
The l i t e r a t u r e  consul ted  on t h e  Sov ie t  A r c t i c  d i d  n o t  i n d i c a t e  tha t  
c o a l  washing i s  prac t i ced .  There a r e  r e f e r e n c e s  t o  c o a l  b e n e f i c a t i o n  i n s t a l -  
l a t i o n s  i n  Vorkuta,  but t h e  sources  provide f e w  details. 
Conceptual ly,  a water  washing p l a n t  f o r  w i n t e r  o p e r a t i o n  i n  the  A r c t i c  
is  poss ib l e .  The p l a n t  would need t o  b e  hea t ed ,  and t h e  c o a l  d r i e d  after 
washing i n  o r d e r  t o  prevent  f r eez ing  i n  the c o a l  s t o r a g e  p i l e s .  The 
Norweqian S t o r e  Norske Spi t sbergen  Kulkompani A/S may perhaps be planning 
such an  i n s t a l l a t i o n  a t  i t s  proposed c o a l  mine i n  Svea, Svalbard.  However, 
no d e t a i l e d  s t u d i e s  of e i t h e r  a  t e c h n i c a l  o r  economic n a t u r e  were found 
regard ing  t h i s  p o s s i b i l i t y .  
The t rade-of f  between t h e  c o s t  of w in te r  c o a l  washing and t r a n s p o r t a t i o n  
wi thout  washing appear  t o  favour t h e  latter a s  far  as t h e  Sov ie t s  a r e  con- 
cerned,  and the former as f a r  a s  the PJorr~egians a r e  concerned. ( See p. 5'1) A 
trade-off s tudy  on t h i s  problem f o r  northwest  Alaska would appear  appropriate. 
f~. 0 COBSTUINTS RELATED TO REXOTENESS 
4 . 1  Small S c a l e  Local  Mininy 
Low tempera tures  and remoteness a r e  o f t e n  c i t e d  as the major c o n s t r a i n t s  
on any type  of o p e r a t i o n  i n  the  North. While l o w  temperatures  can be 
measured, remoteness e x i s t s  b a s i c a l l y  i n  terms of t r a n s p o r t a t i o n  c o s t s ,  
l o c a l l y  ava i l ab le  resources, and l a b o r  p r a b l e ; ~ ~ .  These i n  t u r n  are i n  l a r g e  
p a r t  a r e f l e c t i o n  of the o b j e c t i v e s  of t h e  e n t e r p r i s e  and t h e  technoloqy 
emploved, A c o a l  mine i n  t h e  Arctic employing s o l e l y  l o c a l l y  a v a i l a b l e  
resources  inc luding  l a b o r ,  and supply ing  a  l o c a l  market is  n o t ,  t h e r e f o r e ,  
remote. A mine which r e l i e s  on e x t e r n a l  resources  and ships t o  a distant: 
market is ,  on t h e  o t h e r  hand, remote. Both types exist  i n  the Arctic. 
Q u t d l i g s s a t  i n  Greenland bras a wet ,  undergro~md c o a l  mine employing 
r e l a t i v e l y  s imple technology and n a t i v e  labor .  It produced house h e a t i n g  
c o a l  f o r  the s e t t l e m e n t s  i n  Greenland. Supervisory pe r sonne l  from Scot land 
were engaged a s  was a  J r i t i s h  c o n s u l t a n t  f i rm ,  under t h e  o v e r a l l  management 
of an engineer  i n  Copenhagen. The p r i n c i p a l  d i f f i c u l t i e s  encountered were 
fires i n  t h e  coa l  s t o r a q e  a r e a  caused by l a c k  of safety consc iousness  on 
t h e  pa r t  of some employees and underground dra inage  problems. The Danish 
government closed bo th  t h e  mine and t h e  a s soc i a t ed  s e t t l e m e n t  i n  t h e  e a r l y  
1970 ' s  arguing that o i l  could  be  imported a t  l e s s  c o s t  t han  l o c a l  c o a l  could 
h e  mined. Subsequent u n a n t i c i p a t e d  i n c r e a s e s  in petroleum c o s t s  may, i n  
r e t r o s p e c t ,  have made t h e  c o a l  mine more c o s t  e f f e c t i v e  than  i t  appeared 
a t  t h e  time. 
Small sca le  c o a l  product ion  for thermal  uses  h a s  been undertaken i n  
Yakutia, i n  t he  Lena Basin.  According t o  t h e  d e s c r i p t i v e  m a t e r i a l  a v a i l a b l e ,  
t h e s e  mines employ (or employed i n  the l a s t  decade) rather s i m p l e  mining 
techniques and were j u s t i f i e d  on t h e  b a s i s  of the h igh  c o s t  of import ing f u e l  
f o r  smal l  s e t t l emen t s .  
The coal mine a t  Carmacks, Y.T., u t i l i z e s  p r i m a r i l y  n a t i v e  l a h o r  and 
r e l a t i v e l y  unsoph i s t i ca t ed  techniques ,  t o  produce c o a l  f o r  the concen t r a t e  
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dryer a t  t h e  Anvil  ?line,  lor! miles away on t h e  backhaul f o r  c o n c e n t r a t e  
t r u c k s .  Immedia te  supply needs a re  e v i d e n t l y  s a t i s f i e d  f rom a v a i l a b l e  s t o r e s  
i n  WThitehorse, Y.T. a l t h o u ~ h  s n e c i s l  inventory  needs must come from s o u t h e r n  
Canada or t h e  United S ta tes .  
The U s i b e l l i  ope ra t ion  a t  Healp employs s o p h i s t i c a t e d  s u r f a c e  equipment 
and appea r s  a b l e  t o  ob ta in  needed s u p o l i e s  from Fairbanks o r  S e a t t l e  without 
undue d i f f i c u l t y .  This mine en joys  t h e  advantage of u t i l i z i n g  an i n f r a -  
s t r u c t u r e  (Alaska Rai lroad and Pa rks  Eighway and o t h e r  s e r v i c e s )  whose costs 
are n o t  borne  by t h e  mining company and a l s o  a secu re  market i n  supplying 
i n t e r i o r  Alaska power p l a n t s .  
In  a l l  of these cases, labor t u rnove r  appears  n o t  t o  be  an o v e r l y  s e r i o u s  
problem. Some of the mines have t h e  d i f f i c u l t y  of high absentee r a t e s  among 
l o c a l  employees. One s o l u t i o n  t o  this d i f f i c u l r g  has been t o  have l a r g e  
numbers of i n d i v i d u a l s  on c a l l  able t o  f i l l  i n  f o r  someone who i s  absent. 
The small  c o a l  nine, relying i n  l a r g e  p a r t  on l o c a l  labor ,  an a v a i l a b l e  
i n f r a s t r u c t u r e ,  r e l a t i v e l y  s imple  mining technol.ogy, and a l o c a l  market i s  
still a c h a r a c t e r i s t i c  of t h e  North. The salient requirements f o r  such an 
o p e r a t i o n  inc lude :  
- a secu re ,  l o c a l  market, i n  which t h e  l o c a l l y  produced c o a l  w i l l  
be  p r e f e r r e d  e i t h e r  for economic o r  p o l i t i c a l  reasons.  
- an adequate  and a l r e a d y  a v a i l a b l e  i n f r a s t r u c t u r e .  
- a reasonably s tab le  l o c a l  l a b o r  f o r c e .  
- a s a l a r y  o r  wage arrangement s u i t a b l e  t o  l o c a l  c o n d i t i o n s  (e.g., i n  
some cases an hourly r a t h e r  than bonus r a t e  of pay). 
- a geologic  s i t u a t i o n  which c r e a t e s  s a f e  working c o n d i t i o n s  and is 
s u i t a b l e  t o  unsoph i s t i ca t ed  mining methods (e.~. , low gas  o r  no gas 
seams c l o s e  t o  t h e  s u r f a c e ,  s t a b l e  r o o f s ,  no need f o r  c o a l  washinz, 
s imp le  v e n t i l a t i o n ,  low p r o b a b i l i t i e s  of rock b u r s t ,  l i t t l e  o r  no 
water  problen ,  etc.). 
l a l e the r  o r  not t h e s e  cond i t i ons  may exist i n  Northwest hlaska is  beyond 
the purvue of this study. They may be  p a r t i a l l y  fulfilled i n  Northwest 
Alaska near t h e  l a r g e r  v i l l a g e s ,  where i n f r a s t r u c t u r e  might consist of a few 
miles of road and where a narket might exis t  were t h e  c o a l  produced at a 
l o w  c o s t  . 
4 . 2  Large S c a l e  Mining f o r  Export  
The main f u n c t i o n  of the c o a l  mines i n  Svalbard  and the Pechora Basin 
is  t h e  long d i s t a n c e  export  of coal f o r  thermal or m e t a l l u r g i c a l  purposes. 
The Pechora mines have an annual produc t ion  i n  excess  of 2QY000,P00 t o n s  per 
year. 
These mines are charged wi th  most of t h e  i n f r a s t r u c t u r e  c o s t s  associated 
with the development of t r a n s p o r t a t i o n ,  s u r f a c e  f a c i l i t i e s ,  worker s e t t l e -  
ments, s a f e t y ,  medical  ca re ,  e t c .  The S o v i e t  mines on Svalbard even print 
t h e i r  own money. This c i rcumstance  is v a s t l y  d i f f e r e n t  f rom t h a t  i n  more 
developed a r e a s  of the world where government o rgan iza t ions  and n o t  the mining 
o p e r a t i o n s  are charged with t h e  c o s t s  of ma in t a in ing  s e t t l e m e n t s ,  human welfare, 
and a s i g n i f i c a n t  po r t ion  of b u i l d i n g  and ma in ta in ing  a n  i n f r a s t r u c t u r e .  
Development and opera t ion  of t h e s e  mines have been j u s t i f i e d  f o r  p o l i t i c a l  
and s t r a t e g i c  reasons .  I n  a d d i t i o n ,  however, the argument is  a l s o  made t h a t  
i n  s p i t e  of higher costs  d u e  t o  remoteness ,  they  remain competitive econom- 
ically with alterat ive sources of supply.  The economic a t t r a c t i v e n e s s  i n  
t u r n  is  based upon s u p e r i o r  coal and/or  low r e a l  e x t r a c t i o n  c o s t s  due t o  
f a v o r a b l e  geology. 
4 . 3  Worker Morale 
Both the Soviets and the Y o n ~ e g i a n s  pay a premium t o  t h e i r  coal miners 
i n  t h e  North. This  probably gives t h e s e  miners an average wage rate 50 t o  
1r)l)S: h i g h e r  than  i n  more developed areas. In addition, both appear to 
have a l a r g e  l a b o r  turnover  a t  t h e  end of  each working season. Evidently 
t h e  n a j o r i t y  of miners  l e a v e  a f t e r  two y e a r s  of work. The l i m i t e d  l i t e r a t u r e  
a v a i l a b l e  is  not adequate  t o  determine whether o r  n o t  t h i s  turnover  has a 
s e r i o u s  e f f e c t  on worlcer s a f e t y .  The l i t e r a t u r e  available on morale,  absen- 
t e e i s n ,  a lcohol i sm,  and o t h e r  symptoms of s o c i a l  or  p e r s a n a l  d i so rde r  due t o  
employment i n  t h e  remote A r c t i c  i s  inadequate .  The MIRL t e a m  that v i s i t e d  
Svalbard found no evidence of any s e r i o u s  morale  problems among the  Norwegian 
miners there. No evidence  regard ing  t h e  S o v i e t  miners  has  been found; e v i d e n t l y  
worker morale l i k e w i s e  is not a g r e a t  problem w i t h  them. 
On t h i s  p o i n t ,  t h e  r e a d e r  should b e  caut ioned  t h a t  a se t t l emen t  i n  the 
n o r t h  which is  c losed  t o  much o u t s i d e  c o n t a c t  du r ing  a l a r g e  po r t ion  o f  t h e  
year  may have fewer s o c i a l  problems than one which i s  open. A t  l e a s t ,  t h i s  
viewpoint was expressed  by s e v e r a l  Norwegians i n  Longyearbyen, Svalbard.  
With the opening of the new a i r p o r t  in Longyearbyen, which w i l l  permit a i r  
t r a v e l  year around, one might a n t i c i p a t e  a n  i n c r e a s e  i n  worker morale problems. 
4 .4  P r o d u c t i v i t y  
While a g a i n  no hard  data a r e  a v a i l a b l e ,  there  would appear  t o  be  d i f f i -  
c u l t i e s  i n  training net? workers e s p e c i a l l y  f o r  underground ope ra t ions  with a 
100% turnover  every t w o  y e a r s .  Also, t h e r e  are i n d i c a t i o n s  t h a t  p r o d u c t i v i t y  
d e c l i n e s  dur ing  the onset of the summer v a c a t i o n  p e r i o d  and remains s i g n i f i -  
can t ly  lower i n  summer than  i n  w in te r .  Sov ie t  p r a c t i c e  appears  t o  b e  t o  
employ miners i n  t h e  A r c t i c  a l r e a d y  experienced in o t h e r  coal mines. T h i s  
reduces o n - s i t e  t r a i n i n g  t ime.  High p r o d u c t i v i t y  r e s u l t i n g  from mechanizat ion 
can contribute substantially t o  t h e  compet i t iveness  of A r c t i c  coa l .  Th i s  
seems t o  b e  t h e  approach taken by t h e  Sov ie t  c o a l  mines i n  t h e  Pechora Basin. 
The s o c i a l  c l i m a t e  t h a t  t+rould p r e v a i l  i n  the development of northwestern 
Alaslca coa l  would b e  s i g n i f i c a n t l y  d i f f e r e n t  from that  on Svalbard o r  i n  
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nor thern  Eurasia,  so t h a t  comparisons probably cannot be  c a r r i e d  very f a r .  
Metal mines i n  the  Yukon Territory appear t o  have s i g n i f i c a n t l y  higher l abor  
turnover r a t e s  than coal mines i n  Svalbard, the  Sovie t  North, IIealy and 
Carmacks. Large s c a l e  c o a l  mining i n  northwest Alaslca may have t o  develop 
a l abor  system which accep t s  e i t h e r  high labor turnover o r  f requent  absen- 
teeism o r  perhaps both. I f  a  s t a b l e  labor  fo rce  i s  d e s i r e d ,  then t h e  
f a c t o r s  involved should be  c l e a r l y  analyzed i n  advance. 
4.5 Supplies,  Spare P a r t s  Inventory 
The mining s i t u a t i o n s  s tud ied  are so d i f f e r e n t  from one another  that 
determining the  a d d i t i o n a l  requirements of an  A r c t i c  l o c a t i o n  as compared t o  
a  l o c a t i o n  i n  a developed region is  d i f f i c u l t .  The Soviet mines which are 
supplied by sea during t h e  summer months c a r r y  a full y e a r ' s  supply of most 
items. There a r e  no q u a n t i t a t i v e  d a t a  on t h e  Pechora b a s i n  supply p a t t e r n ,  
but  t h e  Soviet  custom i s  t o  maintain l a r g e  supply i n v e n t o r i e s  and t o  conduct 
major r e p a i r  work a t  t h e  mine s i t e .  Likewise both t h e  Norwegians a t  Svalbard 
and t h e  Alaskan mine a t  Healy maintain mechanics and a s i g n i f i c a n t  spare p a r t s  
inventory for t he  r e p a i r  of s u r f a c e  t r anspor t  equipment. 
For northwest Alaska, wi th  i t s  s h o r t  shipping season, one would a n t i c i p a t e  
t h a t  most bulk cargo would need t o  be brought i n  dur ing  t h e  summer. Storage 
f a c i l i t i e s  adequate f o r  a yea r ' s  bulk suppl ies  would t h e r e f o r e  be necessary. 
S tandardiza t ion  of equipment, including su r face  v e h i c l e s  ( t h e  Norwegians on 
Svalbard u s e  pr imar i ly  Volkswagens), would ease the supply problem. I n  Alaska, 
however, a i r  cargo s e r v i c e  is a v a i l a b l e  from Fairbanks t o  Anchorage. Neither 
the Norwegian nor the Sovie t  coal mines appear t o  r e l y  on t h i s  mode of trans- 
p o r t a t i o n  t o  any s i g n i f i c a n t  degree. I n  Alaska, however, t h i s  mode i s  more 
t r a d i t i o n a l  and t h e  c a p a b i l i t i e s  much g rea te r .  
5.0 ENVIRONME,WAL PROTECTION 
The quest ion of environmental p ro tec t ion  was not  p a r t  of t h e  study con t rac t .  
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Informat ion  on t h i s  subject i n  the S o v i e t  l i t e r a t u r e  on coal mining is sca rce .  
The Xonqegians have r ecen t ly  begun e n f o r c i n g  a s t r i n g e n t  environmental  
p r o t e c t i o n  code f o r  Svalbard which does no t ,  however, appear  as y e t  t o  have 
had a s i g n i f i c a n t  impact  on c o a l  mining ope ra t ions .  
Environmental degradat ion associated with  Svalbard c o a l  mining aopea r s  
l a r g e l y  l i m i t e d  to :  
- an o l d  burning gob p i l e  near Rarentsburg ;  
- o l d  wooden s t r u c t u r e s  and mining t imbers  scattered about  
mined-out a r e a s  ; 
- some d i f f i c u l t i e s  i n  t h e  d i s p o s a l  of s e t t l e m e n t  t r a s h .  
I n t e r e s t i n g l y ,  t he  l i t e r a t u r e  s ea rched  contained no r e f e r e n c e  t o  ac id  
mine w a t e r  dra inage  problems i n  t h e  S o v i e t  A r c t i c  o r  i n  Svalbard.  No acid 
mine water dra inage  w a s  observed on Svalbard.  I d h i l e  n o t  s t u d i e d ,  no water 
p o l l u t i o n  problem a s s o c i a t e d  w i t h  e i t h e r  the Russian or Norwegian coal  mines 
w a s  observed.  
S u r f a c e  c o l l a p s e  (subsidence)  i s  not r e f e renced  as a problem i n  t h e  
l i t e r a t u r e .  There is no evidence of subsidence on Svalbard. Underground 
mines i n  permafrost  a r eas  a r e  n o t  l i k e l y  t o  c o l l a p s e  very q u i c k l y  due t o  t h e  
f rozen  n a t u r e  of t h e  rock. A s imple  procedure  for mainta in ing  unused mine 
excava t ions  i n  t h e i r  o r i g i n a l  c o n d i t i o n  is to  f i l l  them w i t h  wa te r  which 
then  f r e e z e s  back. This hapwened i n  the o l d  Swedish mine workings a t  Svea, 
where a mine fire i n  t he  l a t e  1920 ' s  was suppressed  wi th  wa te r .  Subsequent ly 
t h e  mines were c losed .  When the mine was opened aga in  i n  the e a r l y  19701s, 
the f r o z e n  water  was s t i l l  in t h e  t u n n e l s ,  and according t o  v e r b a l  comments, 
t h e  excavat ions  were i n  t h e i r  o r i g i n a l  form. The rock  tempera ture  was 
s i g n i f i c a n t l y  h ighe r  than normal,  due e v i d e n t l y  t o  r e t a i n e d  hea t  from the 
o l d  f i r e  and possibly t o  heat given  o f f  by t h e  water  during f reezing.  Th i s  
same phenomenon of water f r e e z i n g  i n  mine openings is  w e l l  known i n  o l d  placer 
d r i f t  mines i n  Alaska, and i n  t h e  Elsa-Keno a r e a  of the Yukon T e r r i t o r y .  
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The environmental effect of surface. mining at Healy and, but: t o  a much. 
sma l l e r  degree, a t  Carmacks, is  b e s t  s t u d i e d  by ohse rva t i an .  The degree  of  
damage c e r t a i n l y  appears  t o  be  a u i t e  l i m i t e d  and, i n  the opinion of the 
research team, not  t o  have any s i g n i f i c a n t  long-term e f f e c t s .  Although 
imposs ib le  t o  r e t u r n  t h e  p i t s  t o  the o r i g i n a l  contour  a t  Healy, f e r t i l i z i n g  
and seed ing  have been s u c c e s s f u l  i n  producing a s t a b l e ,  p leas ing  environment. 
Environmental  codes f o r  c o a l  mining i n  Northwest Alaska should  t a k e  i n t o  
c o n s i d e r a t i o n  t h e  behavior  of the f r o z e n  ground, which could e a s i l y  b e  an  
advantage as f a r  as prevent ing  long-term, environmental  degrada t ion .  Although 
s u r f a c e  m e l t i n g  of ground i c e  may r e s u l t  i n  g u l l y i n g ,  a t  l e a s t  u n t i l  the ice  
has  a l l  melted, subs idence  d u e  t o  underground workings can be  minimized. I n  
t h i s  connec t ion ,  i t  should be  noted t h a t  a r e a s  ove r ly ing  o l d  underground 
p l a c e r  mines i n  Alaska often show subsidence.  This could have been avoided 
i f  t h e  d r i f t s  had been f looded.  
The effect of large-sca1.e s u r f a c e  coal mining i n  northwest  Alaska t.:ould, 
of n e c e s s i t y ,  have t o  be the  s u b j e c t  of  a s p e c i a l  s tudy .  The a v a i l a b l e  
Euras ian  l i t e r a t u r e  does not seem t o  p rov ide  much guidance. Conversat ions 
w i t h  i n d i v i d u a l s  on t h i s  ma t t e r  sugges t  c e r t a i n  somewhat obvious conclus ions :  
s u r f a c e  mining w i l l  r e q u i r e  the  l e a s t  l a b o r  and m a t e r i a l  i npu t  and be t h e  
most c o s t - e f f e c t i v e  mining technique,  but: the one which w i l l  cause the most 
environmental  change. The damage would invo lve  p r i m a r i l y  t h e  d e s t r u c t i o n  of 
the s u r f a c e  v e g e t a t i o n  and changes i n  t h e  s u r f i c i a l  con f igu ra t ion  o f  the 
ground: a c i d  wa te r  dra inage  w i l l  probably n o t  be  a f a c t o r  i n  Alaska. 
Underground mining would probably cause  t h e  l e a s t  environmental changes. 
T t  h a s  t h e  advantaae  i n  t h e  Arctic t h a t  surface c o l l a p s e  can b e  prevented  o r  
minimized quite easily, and t h a t  working c o n d i t i o n s  may b e  from a tempera ture  
s t a n d p o i n t  more comfortable .  However, underground mining is more expensive. 
F u t u r e  s t u d y  o f  p o t e n t i a l  coa l  mining i n  nor thwes t  Alaska should  not  
prec lude  underground mining. The t rade-of f  between underground and surface 
mining should i n c l u d e  environmental parameters .  It i s  a l so  probable t h a t  
the f i rs t  coa l  mine i n  Northwest Alaska w i l l  b e  a s m a l l  one t o  provide  
f u e l  f o r  a sma l l  v i l l a g e .  An underground mine t ~ o u l d  o b v i a t e  t he  ope ra t ion  of 
an an open pit: dur ing  t h e  win te r  o r  t h e  s t o c k p i l i n g  of  coal  mined durinq a 
summer open p i t  ope ra t ion .  S tud ie s  should a l s o  include the u t i l i z a t i o n  of  
low temperatures  and f rozen  water  i n  ma in t a in ing  t h e  n a t u r a l  environment. 
I n  a d d i t i o n ,  environmental  p r o t e c t i o n  requi rements  developed elsewhere should 
be c a r e f u l l y  reviewed b e f o r e  being app l i ed  t o  Northwest Alaska, because i n  
some cases they  may n o t  be serious problems i n  the A r c t i c ,  e.g. ,  acid  mine 
water d ra inage  and s u r f a c e  co l l apse ,  wh i l e  o t h e r  requi rements  may need more 
cons ide ra t ion  (mel t ing  ground i c e ,  e t c . ) .  
6.0 FACTORS COWON TO THE F W O R  ARCTIC COAL MINES STUDIED 
The major mining a r e a s  studied include the Vorkuta-Pechora Basin, t h e  
b a s i n s  of Yakutia, and the Norwegian and S o v i e t  mines on V e s t  Sp i t shergen ,  
Svalbard. Each of t h e s e  ope ra t ions  has the  fo l lowing  common c h a r a c t e r i s t i c s .  
- Each u t i l i z e s  what i s  e s s e n t i a l l y  "free" l and .  The Sov ie t s  are paying . 
some fees for l e a s i n g  m i n i n ~  lands ,  b u t  t h e s e  do not appear  t o  b e  a 
high c o s t  i t e m .  The Norwegian claims are e x t e n s i v e  and do not  i nvo lve  
s i g n i f i c a n t  f i n a n c i a l  expenditures .  I n  t h e  USSR, land is owned by 
t h e  government and does no t  r ep re sen t  a f i n a n c i a l  c o s t  item. 
- Each is  directly o r  i n d i r e c t l y  suppor ted  by i ts government. Whether o r  
n o t  t h e s e  mines a r e  ope ra t ing  a t  an "economic" l o s s  .or ga in  is t o  a 
degree i r r e l e v a n t ,  s i n c e  they a l l  r e l y  on  government f i n a n c i a l  suppor t .  
Each a rgues  t h a t  i ts  ope ra t ion  i s  i n  f a c t  c o s t - e f f e c t i v e  and p r o f i t a b l e ,  
and developing  coun te rva i l i ng  arguments would seem t o  be f u t i l e .  
- Each has a major long-term, s ecu re  market f o r  i t s  product ,  one  e s s e n t i -  
a l l y  guaranteed .  
- Viewed from a n  American viewpoint ,  each a l s o  has a p o l i t i c a l  j u s t i -  
fication. The Norwegian mines c o n t r i b u t e  s u b s t a n t i a l l y  t o  economic 
development i n  Northern Nonqay, c o n s t i t u t e  the o n l y  s i g n i f i c a n t  c o a l  
mining i n  Norway, and e s t a b l i s h  and ma in t a in  a v i s i b l e  and p o l i t i c a l l y  
s i g n i f i c a n t  presence  i n  Svalbard. The same can be  s a i d  f o r  t h e  Sov ie t  
mines on Svalbard .  I n  a d d i t i o n ,  there would appear  t o  be no s i g n i f i c a n t  
domestic a l t e r n a t i v e  to them as s u p p l i e r s  of c o a l  t o  7lurnansk and 
Archangel. The Pechora b a s i n  produces a needed, h i g h  grade metal- 
lurgical c o a l  f o r  use  i n  nor thwes tern  Russia and h i s t o r i c a l l y  has been 
a major sou rce  of c o a l  f o r  this reg ion .  Its major  compet i tor  i s  c o a l  
from the Donbas, a bas in  w i t h  a large l o c a l  market  and one which is 
characterized by h igh  c o s t  deep underground mining. The Yakut mines 
(Lena Basin) are only now coming under s i g n i f i c a n t  development, 
primari ly f o r  a l o c a l  market.  
- The a l t e r n a t i v e  f u e l  f o r  thermal  uses  i n  each c a s e  would probably h e  
petroleum. The a l t e r n a t i v e  sources  f o r  m e t a l l u r g i c a l  c o a l s  may i n  
f a c t  be  more expensive and politic all^ l e s s  r e l i a b l e .  
- Each is  l o c a t e d  i n  a permafros t  region.  Hocrever, many of t h e  Sov ie t  
mines i n  Pechora (and one i n  Svalbard)  have p e n e t r a t e d  below the 
permafrost . 
- Each is situated i n  a l a r g e  coal basin w i t h  very s u b s t a n t i a l  and 
a v a i l a b l e  long  r ange  r e s e r v e s .  
- Each has been t h e  o b j e c t  of s i g n i f i c a n t ,  long-term c a p i t a l  i nves t -  
ment i n  s u r f a c e  f a c i l i t i e s ,  an  inves  tnent  which appea r s  t o  b e  growing. 
- Each has a c a d r e  of  engineers  committed t o  t h e  p a r t i c u l a r  rnininq 
opera t ion  on a c a r e e r  b a s i s .  
- Each u t i l i z e s  e x t e r n a l  c o n s u l t i n g  type o r g a n i z a t i o n s  f o r  major  engin- 
ee r ing  des ign  work. 
- Each h a s  made s u b s t a n t i a l  investments  i n  r e c r e a t i o n a l  and other s e r v i c e  
f a c i l i t i e s  f o r  i ts  employees. 
- Each emoloys mining techniques  and equipment o r i g i n a l l y  developed 
outside of t h e  A r c t i c .  
- Each ope ra t e s  i n  a  f i n a n c i a l  environment t h a t  i n v o l v e s  the payment 
of extremely low pe r sona l  income taxes. 
- None has had t o  b e  concerned about  t h e  effect of i ts  opera t ions  on an 
indigenous popula t ion .  
The imp l i ca t ions  f o r  l a r g e - s c a l e  c o a l  development i n  nor thwes t  Alaska, 
based on these Euras ian  exper iences ,  a r e :  
- a long term f i n a n c i a l ,  economic, p o l i t i c a l  and market commitment i s  
necessary f o r  s u c c e s s f u l  development. 
- a long term commitment of key engineer ing  personnel may be h igh ly  
d e s i r a b l e  ( i f  no t  crucial). 
- adap t ing  mining t echno log ie s ,  equiprnents, e tc . ,  from t h e  n o w A r c t i c  
r eg ions  i s  feasible. However, the  e f f e c t s  of permafrost  must be 
considered; techniques and practices cannot au toma t i ca l ly  be t r a n s -  
f e r r e d .  
- t h e  i n f luence  of American p o l i t i c a l  and economic values  will be  
extremely s i g n i f i c a n t  . 
- some form of government suppor t  may prove necessary.  
The las t  p o i n t  should be approached wi thout  b i a s .  An o p e r a t i o n  i n v o l v i n g  
peop le  i n  a  remote l o c a t i o n  is  one t h a t  r e q u i r e s  human services and an infra- 
s t r u c t u r e .  I n  developed a r e a s ,  such services a r e  normally provided by 
government and by non-mining s e c t o r s  of t h e  economy. It would s e e m  only  
r easonab le ,  t h e r e f o r e ,  t h a t  a remote mining opera t ion  r e c e i v e  some form 
of government a s s i s t a n c e  i f  i t  is  requ i r ed  t o  bear an  unusua l ly  large amount 
of the costs associated w i t h  p rov id ing  government services and infrastruc- 
t u r e .  
Whether or not  t he  United S t a t e s  of the S t a t e  of Alaska has a lonp,- 
term political o r  s t r a t e g i c  need f o r  t h e  development of nor thwes tern  Alaskan 
c o a l  i s  ano the r  ques t ion .  The American and Alaskan "presence1' i n  t h i s  
a r e a  seems unquestioned, and i t  would be hard t o  foresee any s t r a t e g i c  need 
i n  this a r e a  f o r  c o a l m i n i n g .  The n a t i o n a l  need f o r  c o a l  or its by-products 
would appear  t o  be t h e  o v e r r i d i n g  concern as far as the  Federal government 
is concerned. Secondari ly ,  t h e  F e d e r a l  government may have t o  cons ide r  
t h e  long-range needs f o r  coal  i n  t h e  P a c i f i c  Basin. 
From t h e  viewpoint of t h e  S t a t e  of Alaska, one would have t o  look not 
on ly  a t  t h e  long term economic needs of the  S t a t e ,  bu t  a l s o  a t  the  needs 
and desires of t h e  indigenous, n a t i v e  populat ion.  
7.0 CONCLUSIOXS : 
Based on the literature surveyed and the field t r i p s  conducted, the 
fo l lowing  conclus ions  can be reached r ega rd ing  c o n s t r a i n t s  on c o a l  mining in 
nor thwes t  Alaska based on Eurasian A r c t i c  exper ience .  
1. Mine s a f e t y  codes appl ied  t o  A r c t t c  Alaskan c o a l  mining should  t a k e  
i n t o  account  t h e  e f f ec t s  of: 
(a) V e n t i l a t i o n  requirements  on: 
- mine a i r  temperature and i ts  p o t e n t i a l  s h o r t  and long  range 
e f f e c t s  on ground s t a b i l i t y  and roof  suppor t ;  
- wind c h i l l  a long working faces; 
- d u s t  genera t ion  under low tempera ture  and low humidity 
cond i t i ons ;  
- roof support  i n  t h e  f i r s t  1,00fl meters  from t h e  opening; 
- deformation of openings ;  
- ox ida t ion  o f  r a c k  and coal and a s s o c i a t e d  tempera ture  increaces. 
(b)  Dust suppression requi rements  i nvo lv ing  water  on: 
- water  supply problems i n  e s s e n t i a l l y  dry mines a t  below 
f r e e z i n g  temperatures;  
- coal  s t o r a g e  and t r a n s p o r t a t i o n  problem of water soaked 
c o a l  ; 
- e f f e c t s  on personnel  and equipment of u t i l i z i n g  l a r g e  amounts 
of water i n  below f r e e z i n g  temperatures .  
2. Environmental p ro tec t ion  requirements r e l a t e d  t o  A r c t i c  c o a l  mining 
should cons ider :  
- the u t i l i z a t i o n  of permafros t  cond i t i ons  f o r  the preven t ion  
of s u r f a c e  subsidence;  
- the general absence of moving water which may i n h i b i t  problems 
a s soc i a t ed  with a c i d  mine water d ra inage  (coupled w i t h  t h e  
f a c t  t h a t  t he  coals are low-sul fur ) .  
- t h e  use of water  as permanent roof  suppor t s  after mining 
ope ra t ions  cease. 
3 .  F u t u r e  research e f f o r t s  mav p r o f i t a b l y  focus  on: 
- t h e  unsolved problem of suppress in^ dust caused by h igh 
s p e e d  mining equipment i n  e s s e n t i a l l y  waterless, f rozen ,  
low humidi ty u n d e r ~ r o u n d  mines; 
- the c o s t  associated w i t h  coo l ing  incoming mine a i r  under 
summer cond i t i ons  compared t o  the benefits i n  reduced 
roof suppor t  requirements;  
- the development of vacuum systems f o r  dus t  removal i n  
p r e f e r e n c e  t o  water  sprays; 
- the c o s t s  and b e n e f i t s  a s s o c i a t e d  w i t h  t h e  development of 
coal washing p l a n t s  designed t o  'operate i n  low temperature 
environments;  
- t h e  n e c e s s i t y  of making long-range commitments of r e s e r v e s .  
4 .  Fu tu re  analyses of the  p o t e n t i a l  f o r  development of large-scaie coal 
mining i n  nor thwes t  Alaska should include cons ide ra t ion  o f :  
- t h e  t r ade -o f f s  i n  terms of  environmental  impact of s u r f a c e  
and underground mining; 
- the i n f r a s t r u c t u r e  and s e r v i c e  c o s t  burden t h a t  ough t  
a p p r o p r i a t e l y  t o  b e  borne by government ; 
- t h e  social. ,  po l . i t i ca1  and economic t rade-of fs  between a 
permanent and a t r a n s i t o r y  l a b o r  f o r c e  and e n ~ i n e e r i n g  s t a f f ;  
- t h e  economic, p o l i t i c a l ,  and s o c i a l  impact of a c o m i t m s n t  
t o  coal mining t h a t  could s t r e t c h  over  h a l f  a century o r  
more. 
5. Fu tu re  technical s t u d i e s  involv ing  t h e  development of mining plans 
should cons ide r :  
- the b e n e f i t s  of main ta in ing  a rock temperature of -10'~ 
( 1 4 O F )  a s  a design o b j e c t i v e ;  
- the d i f f e r e n c e s  between the  s h o r t  term and long term effects 
of a l t e r i n g  the t empera ture  of t h e  surroundin? rocks and 
t h e  coal seams; 
- t h e  u s e  of low temperatures  t o  main ta in  roof stability; 
- t h e  e f f e c t s  of a i r  cargo t r a n s p o r t  on  l o g i s t i c s ,  supply ,  
and maintenance requirements;  
- u t i l i z i n e :  u n d e r ~ r o u n d  and surf ace equipments which have 
conmon component p a r t s  i n  o r d e r  to reduce  t h e  range of 
supp ly  and maintenance needs; 
- t h e  s i g n i f i c a n t  i n c r e a s e  i n  dust gene ra t ion  a s s o c i a t e d  with 
opera  t i n 2  under   lo^ temperature and l o w  humidi ty condi t ions  ; 
- t echniques  of d u s t  suppress ion  o t h e r  t han  the employment of 
wa te r ;  
- p o s s i b l e  long term deformation i n  permanent s h a f t s  and o t h e r  
openings due t o  thermal  conduc t iv i ty ;  
- e f f e c t  of v e n t i l a t i o n  requirement& on rock  temperatures ,  
wind c h i l l ,  spreading  c o a l  dust, and o x i d a t i o n ;  
- trade-off between the costs of coal washing a t  the m i n e  
versus t r a n s p o r t a t i o n  c o s t s  t o  market. 
6. Nat iona l  d e c i s i o n  making regard ing  t h e  l a rge - sca l e  development of  
northwest  Alaskan c o a l  should inc lude  t h e  fo l lowing  factors: 
- t h e  USSR and Nomay have been mining coal i n  t h e  A r c t i c  on 
a l a r g e  scale f o r  f o r t y  y e a r s  s o  t h a t  t h e r e  may be  a b a s i s  
h e r e  f o r  a s i g n i f i c a n t  in te rchange  o f  knowledge and information.  
- aoal mining under t he  conditions found j.n nor thwes t  Alaska i s  
f u l l y  f e a s i b l e  on t e c l ~ n i c s l  grounds; 
- bo th  t h e  s h o r t  and long term environmental  impact o f  under- 
ground mining on a l a r g e  scale may be s i g n i f i c a n t l y  less 
than that of s u r f a c e  mining under A r c t i c  cond i t i ons ;  
- t h e  n a t i o n a l  p e r s p e c t i v e  on Alaskan A r c t i c  c o a l  development 
should  extend f i f t y  y e a r s  i n t o  the f u t u r e  and should involve  
a long r a t h e r  t han  s h o r t  term commitment; 
- t r a n s f e r r i n g  concepts  and attitudes and regulations developed 
o u t s i d e  of t h e  A r c t i c  to A r c t i c  coal mining may b e  both 
dece iv ing  and counter-productive. 
N o r t h ~ . ~ e s t e r n  Alaskan c o a l  r e se rves  a r e  a s i g n i f i c a n t  n a t i o n a l  and Alaskan 
r e s o u r c e .  Thei r  p o t e n t i a l  s h o u l d  be  the o b j e c t  of study and a n a l y s i s  focus ing  on 
both  t e c h n i c a l  and non- technica l  areas. S t u d i e s  m i g h t  focus  most p r o f i t a b l y  on 
t h e  t e c h n i c a l  problems a s s o c i a t e d  with d u s t  c o n t r o l  and suppres s ion ,  ventilation, 
thr  c a ~ r i r o n r n e n t n l  ir~i:)act: of s u r f a c e  ]n ix ing ,  awl t h e  a p p l i c a b i l i t y  of h e r i . c a n  
17:inc s a f  et)*, envira i l rncntnl ,  l e a s e ,  and l r ihor  p r o t e c t i o n  J.a\?s on Arctic coal 
i - i ininy . ?!r?dif i c a t i o n  of these Invs  and r e g u l a t i o n s  may prove necessary to 
satis??, Rrcti.c m i n i n g  cancli Lions.  
the environmental imwact of surface mining, and t h e  a p p l i c a b i l i t y  of American 
mine safety, environmental, lease, and l a b o r  p ro tec t ion  laws on Arctic c o a l  
mining. Plodi f fca t ion  o f  these laws and r e g u l a t i o n s  may prove necessary to 
satisfy Arct ic  mining c o n d i t i o n s .  
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1.0  SVALBARD COAL M I N I N G  
1.1 General 
The Svalbard Archipelago lies due n o r t h  of Norway between latitudes 
.76O and 80° no r th .  It has  a  t o t a l  a r e a  somewhat i n  excess  of 60,000 
squa re  k i lome te r s  d iv ided  among s e v e r a l  i s l a n d s ,  t h e  l a r g e s t  of which 
i s  V e s t  Sp i t sbergen ,  wi th  a n  i c e - f r e e  wes t e rn  c o a s t  dur ing  a long  pe r iod  
of t h e  year .  The pack i ce  i n  summer l i e s  a t  a b o u t , 8 0 ° ~  l a t i t u d e  a long  
t h e  c o a s t  of Vest Spi tsbergen,  whereas i t  r eaches  c l o s e  t o  t h e  n o r t h e r n  
sho re  of Alaska a t  7 1 ° ~  during t h i s  same pe r iod .  
V e s t  Sp i t sbe rgen  c o n s i s t s  i n  l a r g e  part of a sedimentary syncline, 
w i t h  e x t e n s i v e  c o a l  d e p o s i t s  of Upper Cretaceous and T e r t i a r y  age. The 
main seams mined are of T e r t i a r y  age  and c o n s i s t  of bo th  energy and 
m e t a l l u r g i c a l  g rade  coa l s .  
Export  coal mining began i n  t h e  I s f j o r d  a r e a  (about 78 '~)  i n  t h e  
l a t t e r  p a r t  of t h e  n ine t een th  century ,  w i t h  the f i r s t  l a r g e  s c a l e  mine 
developed i n  t h e  Adventf jord a r e a ,  a t r i b u t a r y  f j o r d  t o  Is£ jo rd .  T h i s  
n i n e  was e s t a b l i s h e d  by an American, M r .  John Longyear, and t h e  s e t t l e m e n t  
has borne  h i s  name, Longyearbyen, ever s i n c e .  
Prior t o  t h e  e a r l y  1920s, no n a t i o n  had sove re ign ty  over Svalbard 
( o f t e n  c a l l e d  Spi t sbergen) ,  bu t  i n  a series of treaties t h a t  were r a t i f i e d  
after World War I sovere ignty  w a s  conferred upon Norway wi th  c e r t a i n  
major r e s t r i c t i o n s .  These included r e s t r i c t i o n s  on t a x a t i o n ,  t h e  main- 
tenance  of t h e  r i g h t s  of the s i g n a t o r y  powers t o  conduct mine ra l  explora-  
t i o n  i n  t h e  Archipelago, and s t r a t e g i c  m i l i t a r y  n e u t r a l i z a t i o n .  The 
Norwegians putchased Mr. Loagyear 's o p e r a t i o n  and have mined c o a l  in 
I s f j o r d  since World War I wi th  an i n t e r r u p t i o n  d u r i n g  World \Jar 11. I n  
rhe  e a r l y  t h i r t i e s ,  they  a l s o  purchased a Swedish mining ope ra t ion  i n  
Svea, l oca t ed  on Van Ni j en f jo rd  about 45 km s o u t h e a s t  of Longyearbyen. 
I n  t h e  early 1930s ,  t h e  Russians purchased Dutch mining opera t ions  
a t  the towns of Grumant and Barentsburg l o c a t e d  on ~ r d n f j o r d ,  a t r i b u -  
t a r y  of I s f j o r d  l y i n g  approximately 40 k i l o m e t e r s  west-southwest of 
Longyearbyen. L a t e r  they  acquired Pyramiden, a mine l o c a t e d  on B i l l e -  
f j o r d ,  a l s o  a  t r i b u t a r y  of I s f j o r d ,  and s i t u a t e d  ab6ut 50 km no r theas t  
of Longyearbyen. Russian mining has been cont inuous  ever  since except 
f o r  the  pe r iod  of World War 11. It is under the c o n t r o l  of Arkt ik  ~ g o l ' .  
The Grumant mine h a s  been shut down, b u t  both the ~ A e n t s b u r ~  and 
Pyramiden mines c o n t i n u e  ope ra t ions ,  producing t o g e t h e r  about  400,000 
tons  of unwashed coal p e r  year which is  shipped t o  Murmansk and Archangel 
f o r  thermal power gene ra t ion .  
The Norwegian-owned Svea mine was opened a f t e r  World War 11, then 
c losed  down in t he  l a t e  1940s. I n  r e c e n t  y e a r s ,  e x p l o r a t i o n  has revea led  
an  extremely l a r g e  c o a l  seam i n  t h i s  area, and c u r r e n t  p l a n s  are t o  
develop t h i s  r e s o u r c e  wi th  a n  export  t a r g e t  of one m i l l i o n  tons  of c o a l  
per year. 
Current  Norwegian product ion i s  approximately 400,000 tons  pe r  year, 
most of which is  shipped to Norway as m e t a l l u r g i c a l  g rade  coal  f o r  use i n  
t h z  f e r r o - s i l i c o n  i n d u s t r y .  Svalbard c o a l  fulfil-led approximately half 
of ?,!orway's c o a l  requi rements  i n  the e a r l y  1970s. 
The Norwegian mines contribute s u b s t a n t i a l l y  t o  t h e  economic w e l l -  
being of Korthern Norway, a reg ion  l a r g e l y  devas ted  by World War 11, and 
one in which t h e  Norwegian government has  pursued a p o l i c y  of economic 
development focused on minera l  r e sou rce  u t i l i z a t i o n ,  t h e  development of 
a n  i r o n  and s t e e l  complex, and s u b s i d i z a t i o n  of f i s h i n g  and some forms. 
of a g r i c u l t u r e .  
The Norwegian mines are owned and operated by a private company, 
t h e  S t o r e  Korske Sp i t sbe rgen  Kulkompani A/S (SNSK), w i t h  f i n a n c i a l  sup- 
p o r t  by t h e  Norwegian government, The Norwegian Kings Bay Kul Compani 
has a l s o  developed c o a l  mines a t  Ny Aalesund on Kongsfjord about 7 9 O ~  
l a t i t u d e .  This  settlement was known f o r  y e a r s  as t he  northernmost  town 
on earth. An u n f o r t u n a t e  mine fire i n  the  e a r l y  1960s caused- t h f s  opera- 
tion t o  cease and l e d  t o  t h e  f a l l  of the  Norwegian government a t  the 
time. 
* 
Svalbard has tundra v e g e t a t i o n  and an Arctic climate, c h a r a c t e r i z e d  
by extreme low w i n t e r  tempera tures  of almost -50°c, .a mean January  tem- 
perature of -10.3'~ and a mean J u l y  temperature of about  +5 t o  +gOc. 
The western c o a s t a l  a r e a  of Vest Spi t sbergen ,  where t h e  c o a l  mining 
occurs ,  is  a s h a r p l y  d i s s e c t e d ,  sedimentary p l a t eau ,  with the mountains 
appearing as  spires (hence t h e  name Spi t sbergen) ,  steep slopes, and ex- 
t e n s i v e  t a l u s  cones. The a r e a  h a s  been (and i n  p l a c e s  s t i l l  i s )  exten- 
s i v e l y  g l a c i a t e d ,  and signs of i n t e n s i v e  v a l l e y  g l a c i a t i o n  can b e  seen 
everywhere. The permafros t  i n  the mining a r e a s  appears t o  be d r y  perma- 
f r o s t  w i th  an a c t i v e  layer about  1 m t h i c k  and a t o t a l  t h i c k n e s s  of 300 rn. 
1.2 Longyearbyen 
Longyearbyen is  loca t ed  a t  7801S1N, 150401E, a t  the mouth of Adventdal 
near  t h e  eastern edge of Isfjorden. The settlement i s  l o c a t e d  i n  Long- 
yearda len ,  which ex tends  from nor th  t o  south,  and i n t e r s e c t s  w i t h  t h e  east 
west t rending  Adventdal,  bo th  of which are g l a c i a t e d  v a l l e y s .  Longyeardalen 
i s  approximately 9 hn long  and 4 km wide w i t h  an a c t i v e  g l a c i e r  and 
t e r m i n a l  moraine a t  i t s  head. The v a l l e y  sides c o n s i s t  of high,  s t e e p  
bluffs covered by alluvial cones and screes along t h e i r  lower  margins.  
The tops  are p la t eaus  wi th  an  e l e v a t i o n  of approximately 1,000 m. The 
town c o n s i s t s  b a s i c a l l y  of four  s e c t i o n s :  t h e  o l d  town, largely des- 
t royed  dur ing  World War I T  and subsequent ly  r e b u i l t ,  with the church, 
government o f f i c e s ,  maintenance sheds,  s torehouses;  and coal l oad ing  
f a c i l i t i e s  s i t u a t e d  c l o s e  t o  tidewater. The three o t h e r  s e t t l e m e n t s  are 
s c a t t e r e d  up Longyeardalen and form r e s i d e n t i a l  communities f o r  the 
approximately 2,000 i n h a b i t a n t s .  
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The c o a l  seams a r e  l o c a t e d  approximately 300 rn above t h e  valley 
floor. Norwegian p r a c t i c e  has been t o  mine a seam between two  intersect- 
ing  v a l l e y s  and then t o  abandon t h e  mine. A t  p re sen t ,  o n l y  one seam i s  
being mined i n  Longyeardalen. 
The same system has been a p p l i e d  a long  t h e  Adventdalen where one 
mine i n  1974 was under o p e r a t i o n  and ano the r  under development. The 
Adventdal mines are  connected t o  Longyearbyen by a system of roads  and an 
aer ia l  tramway used t o  t r a n s p o r t  c o a l .  
1.3 Svea 
Svea l i e s  a t  77O55'~, 1 6 ~ 4 0 ' ~  a t  t h e  head of Van Mijenf j o r d  which 
a t  its mouth i s  largely blocked by Axeldya. The head of the  f j o r d  i s  
formed by two bays i n t o  which f l ow  s e v e r a l  g l a c i e r s .  The area is h e a v i l y  
g l a c i a t e d  and shows signs of very recent glacial advance and r e t r e a t .  
The s i t e  of t h e  a r e a  under development is approximately 10 km long by 5 km 
wide and c o n s i s t s  of a  c o a s t a l  lowland ( i n  par t  a p i t t e d  outwash p l a i n )  
about  1 lun wide crossed  by a l l u v i a l  fans. Maximum e l e v a t i o n s  of abou t  
1,000 m are reached wi th in  4,000 me te r s  of t h e  c o a s t l i n e .  Rock o u t c r o p s  
of sands tone  form b l u f f s ,  w h i l e  f r a c t u r e d  shale forms s t eep ,  a l l u v i a l  
f a n s  and s c r e e s  showing s i g n s  of r e c e n t  f l ood ing ,  land s l i p  and gullying. 
The c o a s t a l  a r e a s  and f a n s  con ta in  l a r g e  amounts of c lay  which a lso  
c h a r a c t e r i z e  t h e  muddy c o a s t a l  waters .  The active permafrost  layer i s  
abou t  1.5 m deep w i t h  t h e  permafrost  having a horiaontal dep th  into the 
h i l l s i d e s  and a v e r t i c a l  depth  from t h e  s u r f a c e  of approximately 300 m. 
Vegeta t ion  is  v e r y  spa r se ,  t h e  s o i l s  appear  w e l l  d ra ined ,  and there are 
few s igns  i n  t h e  lowland of i c e - r i c h  permafrost .  
0 
In  1974, t he  mine s i t e  was under c o n s t r u c t i o n  wi th  p l ans  f o r  develop- 
i n g  a coal product ion  r a t e  of u p , t o  one  m i l l i o n  tons pe r  year .  A settle- 
ment of s e v e r a l  hundred people i s  planned, w i t h  t h e  o b j e c t i v e  of main ta in-  
i n g  a s t a b l e  f a m i l y  o r i e n t e d  h igh ly  t r a i n e d  l a b o r  f o r c e  capable of opera- 
t i n g  high speed,  modern mining machinery. 
1.4 Barentsburg 
Barentsburg,  l oca t ed  a t  7 8 O 5 ' ~ ,  1 4 ° 1 0 ' ~ ,  has  a popula t ion  of 1,100 
which includes 281 women. The town, s i t u a t e d  on t h e  e a s t  side of  runf fjord, 
is h i g h l y  compact and has grown up a s lope .  In  appearance i t  c o n s i s t s  of 
t h r e e  s e c t i o n s .  The lowest s e c t i o n ,  a t  dock s i d e ,  has  o l d e r  bui ldings  
and is  covered w i t h  a p a t i n a  of c o a l  d u s t .  Above it i s  a newer section 
with more modern Soviet a r c h i t e c t u r e ,  and above it is a very r e c e n t  develop- 
ment con ta in ing  l a r g e ,  b r i c k  b u i l d i n g s  on p i l i n g  t o  prevent permafros t  
deg rada t ion .  
The town suppor t s  18 cows, about  200 p i g s ,  1,000 chickens,  and one 
horse, which i s  used f o r  hau l ing  s m a l l  l oads  around town. There a r e  
f e w  ( i f  any) p r i v a t e  v e h i c l e s  and s o m e  heavy t rucks .  The set t lement is  
s u f f i c i e n t l y  compact that a l l  p o i n t s  are located a t  convenient walking 
d i s t a n c e  from each o the r .  
The coa l  seams are deep underground i n  t h i s  a r e a  and the present 
mines a r e  under the permafrost.  Methane con ten t  is  extemely high (over 
20 n3/ton) and the re f  o r e  the mine is considered dangerous. Two seams 
a r e  being mined: they a r e  separated by about 20 m of rock, mostly sand- 
stone. A water supply system i s  used i n  t h e  m i n e  f o r  dus t  suppression 
and f i r e  con t ro l .  The p i p e s  a r e  insu la ted  and heated  by 2n e l e c t r i c a l  
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cable  t o  keep water  from freezing. 
Coal has been mined here  since t h e  early 1930s, and with recent  
l eas ing  of coal-bearing areas adjacent  t o  the mine, production w i l l  con- 
t inue  i n t o  t h e  f u t u r e .  Annual production is  approximately 250,000 tons  
per year. 
1.5 Pyramiden 
Pyramiden is located  at 78'40'~, 1 6 O 2 5 ' ~  a t  the northwestern head of 
B i l l e f j o r d  and on t h e  nor thern  shore of Mitnerdalen. The se t t lement ,  w i t h  
750 i n h a b i t a n t s ,  has  a por t  on B i l l e f j o r d ,  but is concentrated a t  t h e  foot 
of t h e  934 m high mountain Pyramiden along a c o a s t a l  p l a i n  adjacent  t o  
Mimerdalen. D i r e c t l y  t o  t he  east of t h e  town, across Bi l l e f jo rden  one 
can see t h e  spec tacu la r  terminus of t h e  Nordenski81 g l a c i e r .  The port  area 
is  connected t o  t h e  town by a gravel  road and t o  the mine opening by a 
r a i l r o a d  which i s  covered with wood. The town i t s e l f  i s  more dispersed 
than Barentsburg, wi th  smaller  bui ld ings ,  and i n  genera l  is  q u i t e  picturesque. 
The newer bui ld ings  are l a r g e  brick s t r u c t u r e s  on p i l i n g s .  The s e t t l e -  
ment has an extens ive  above ground network of wood covered u t i l i d o o r s  
which also serve a s  sidewalks (a very  sens ib le  arrangement).  
The mine opening is about half-way up Mount Pyramiden and i s  con- 
nected t o  the  c o a s t a l  p l a i n  by a cable  car and tram f o r  personnel ,  s u p p l i e s  
and coal .  Mining is  conducted completely wi th in  permafrost .  Reversible 
v e n t i l a t i o n  fans  and h e a t e r s  f o r  mine a i r  a r e  located  i n  a l a r g e ,  two 
s t o r y  concrete s t r u c t u r e  located  on t h e  northwest s l o p e  of  Mount Pyra- 
miden a t  an e l e v a t i o n  of approximately 600 m. 
The v e n t i l a t i o n  system h e a t s  inflow air  when t h e  ambkent a i r  temper- 
a t u r e  reaches -20°C. This  system ensures t h a t  incoming a i r  will reach 
t h e  temperature of the  surrounding rock ( - 4 ' ~ )  w i t h i n  one kilometer after 
en te r ing  t h e  mine. The mine is  equipped with a c i r c u l a t i n g  water  supply 
system employed f o r  f i r e  prevention and dus t  suppression.  Water is  
heated t o  a temperature of +35O~ before  en te r ing  t h e  system. A t  this 
i n i t i a l  temperature, t h e  water w i l l  not  f r eeze  when used i n  d u s t  suppres- 
s i n g  sp r ink le r s .  A t  a lower i n i t i a l  temperature, such f r e e z i n g  is  possible.  
Spr inklers ,  w i t h  a l a n o l i n  type  so lu t ion  ( c a l l e d  DB) added, are 
used a t  the  main working f a c e s  and a t  the t r a n s f e r  po in t  from t h e  working 
f a c e  t o  the  main haulage way. This a d d i t i v e  may be t h e  chemical wett ing 
agent  described i n  Appendix 3 ,  p .  19, of the  Coal Indus t ry  of the USSR, 
P a r t  2, a study by the U.K. National  Coal Board, London, 1957 (ava i l ab le  
from Colorado School of Mines, TN803/R9G7). Another system of d u s t  
suppression is  used a t  t h e  point  where t h e  main conveyor b e l t  system j o i n s  
the cable tram system. The coa l  is dumped from t h e  conveyors (o r  from 
underground r a i l  cars) i n t o  a huge s to rage  hopper, from which i t  is loaded 
onto the cable  trams. The dump p o i n t  is  covered and is  under  vacLum 
t o  remove the  c o a l  dus t .  The worker c o n t r o l l i n g  the dumping system is  
situated in a metal and glass covered booth w i t h  i t s  own exhaus t  system. 
Mine product ion  appears  t o  be about  160,000 tons p e r  year  of un- 
c leaned  c o a l .  
1 . 6  Ny Aalesund 
Ny Aalesund i s  l o c a t e d  a t  78'55'~, 1 1 ° 5 8 ' ~  on a r a i s e d  beach stretch- 
i n g  a long  t h e  sourhwest sho re  of Kongsfjorden. The f j o r d  c o i t a i n s  d r i f t  
i c e  i n  t h e  summer which comes from g l a c i e r s  a t  i t s  head. The mines 
h e r e  were deep underground and v e r y  gaseous. The s e t t l e m e n t  c o n s i s t s  
of two p a r t s ,  a p o r t  area w i t h  t h e  unused water  c o a l  washing plant ,  p i e r  
and load ing  f a c i l i t i e s ,  and a washing p l a n t  (unuse-l), and a new and very 
a t t r a c t i v e  town wi th  predominately s i n g l e  fami ly  r e s idences ,  located t o  
t h e  sou theas t .  (This  i s  w i t h i n  walking d i s t a n c e  of t h e  airship tower 
used t o  launch Nobi le ' s  d i r i g i b l e  on h i s  t rans-polar  f l i g h t . )  To t h e  
nor thwes t  of the town, on a second r a i s e d  beach, is s i t u a t e d  a n  ESRO 
t r a c k i n g  s t a t i o n  (scheduled t o  close down tlie sumer of 1974).  T h i s  
station is a companion to t h e  one loca t ed  nea r  Fairbanks, Alaska. To the 
sou th  of t h e  town, the Norwegians ma in t a in  a  f a c i l i t y  f o r  s c i e n t i f i c  
s t u d i e s  r e l a t e d  t o  g l ac io logy  and geology. 
The total popula t ion  which was supposed t o  w in te r  over  i n  Ny Aalesund 
d u r i n g  1974-1975 was r epo r t ed  t o  be  on ly  seven persons. The surface 
area near the  mines shows e x t e n s i v e . d e b r i s ,  p r imar i ly  old wooden s t r u c -  
tures and t imbers ,  and r a i l r o a d  t i e s ,  l e f t  from t h e  mining per iod .  Vis- 
u a l l y ,  no other environmental damage due  t o  coal  mining o r  t o  the mine 
explos ion i n  1962 could be d e t e c t e d .  
1 .7  Sources 
The b a s i c  w r i t t e n  m a t e r i a l s  used i n  prepar ing  t h i s  s e c t i o n  on 
Sp i t sbe rgen  a r e :  
Hoel, Adolf,  Svalbard Svalbards  h i s t o r i e  1596-1965, Sver re  Kildahls 
Boktrykker i ,  Oslo, 1966, t h r e e  volumes, which r e l i e s  heav i ly  on Norwegian 
government r e p o r t s  regarding c o a l  mining i n  Svalbard. 
Government of Norway, Indus t r idepa r tmen te t ,  Energiforsyning i Norge 
i n  f remt iden ,  S t .  meld. nr .  100 (1973-74). 
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Various p u b l i c a t i o n s  from t h e  Norwegian I n s t i t u t e  of Technology i n  
Trondheim - 
Various  unpublished documents by t h e  Store Norske Spitsbergen Kul-- 
kompani A/S.  
The Sp i t sbe rgen  Mines, A summary translation of Shakty na  Shpits- 
bergene  (NEDRA, Moscow, 1964), t r a n s l a t e d  a t  MIRL. 
I n  a d d i t i o n ,  ex tens ive  interviews were conducted i n  Norway and Sval- 
bard d u r i n g  the summer of 1974. I n d i v i d u a l s  consul ted  inc lude  represen-  
tatives of the Norwegian Minis t ry  of Indus t ry ,  Department of Justice, 
Svalbard Adminis t ra t ion ,  S to re  Norske Sp i t sbe rgen  Kulkompani A/S,  Norwe- 
gian I n s t i t u t e  of Technology, Arktik Ugol', and others. The mine e n g i n e e r s ,  
foremen and workers i n  Longyearbyen, Svea, Barentsburg, and Pyramiden 
were ex t remely  courteous,  kind,  and h e l p f u l ,  and answered questions without 
r c s e r v a t i o n .  
For a d d i t i o n a l  information on t h e  l i t e r a t u r e  consul ted see Pre l i t n ina ry  
Report ,  C o n s t r a i n t s  on t h e  Development of Coal  Mining i n  Arctic Alaska,  
MIRL, June ,  1974. 
2.0 PZPORT ON A VISIT TO VEST SPITSBERGEN SVALBARD COAL MIIJES, 
AUGUST, 1974 
2.1 General 
The in fo rma t ion  presented  here  r e s u l t s  from a t r i p  t o  Scandinavia 
and Svalbard i n  the per iod  11 J u l y  to 23 August, 1974, by P ro fe s so r s  
C h r i s  Lambert, Jr., Donald F. Lynch and Nils I. Johansen of the Mineral  
Indus t ry  Research Labora tory ,  Un ive r s i t y  of Alaska. Prof .  Johansen 
obtained i n f  orrnation w i t h i n  Norway, coord ina ted  t h e  agenda anil ac ted  as 
an i n t e r p r e t o r .  P ro f .  Lynch obtained in fo rma t ion  w i t h i n  Norway and 
Denmark and v i s i t e d  Svalbard a s  i n t e r p r e t o r .  P ro f .  Lambert, l e a d e r  of 
t h e  s tudy  team, c o l l e c t e d  information i n  Norway and Svalbard and a s ses sed  
t h e  t e c h n i c a l  a s p e c t s  of t h e  informat ion  obta ined .  
Mining and government o f f  ices were vis t ed i n  Copenhagen, Bergen, 
Trondhein, Tromsd and Longyearbyen. Mines v i s i t e d  a t  Svalbard w e r e  t h e  
Norwegian o p e r a t i o n s  by S t o r e  Norske Sp i t sbe rgen  Kulkompani A/S i n  Long- 
yearda len  and Svea, and the Russian o p e r a t i o n s  by Arktik Ugol' a t  Barents- 
burg and Pyramiden. The abandoned o p e r a t i o n s  a t  Ny Aalesund (Icings Bay 
I:ul Compani A/S) and t h e  Russian works a t  Grumantbyen were a l s o  observed. 
Kepresen ta t ives  of the Norwegian M i n i s t r y  of I n d u s t r y ,  S to re  Norske 
Spi t sbergen  Kulkonpani A/S, Arktik ~gol', t h e  Norwegian I n s t i t u t e  of 
Technology, the Norwegian Foreign Mini s t ry ,  Sysselmann and Bergnester  
( t h e  Governor and t h e  Norwegian Government Mining Engineer a t  Svalbard) 
A/S Norsk P o l a r  Mavigasjon, and o t h e r s  were a l l  extremely h e l p f u l  and 
cour teous  i n  a r r a n g i n g  t h e  trip. Engineers of t h e  S t o r e  Norske Sp i t sbe rgen  
Kulkornpani were extremely h o s p i t a b l e  and kind n o t  on ly  i n  answering 
numerous q u e s t i o n s ,  b u t  a l s o  i n  provid ing  t r a n s p o r t a t i o n ,  accommodations 
and rec rea t ion  dur ing  t h e  t h r e e  week s t a y  on Svalbard. 
Data on the closed Danish Mine a t  Qutdligssat ,  Disko Island, Green- 
l a n d ,  were collected from t h e  Greenland Technical Organizat ion and the 
Greenland Geological Survey i n  Copenhagen. 
I n  t h e  Longyearbyen area, located on Adventfjorden, Vest Spitsbergen, 
t h e  team v i s i t e d  t h e  su r face  area of Mine /I3 and t h e  underground works 
of Mine 0 6 ,  both of which are i n  production, and M , l e  87 which is under 
development. The Svea Mine i n  t h e  Braganzavagen a r e a  w a s  also v i s i t e d .  
Th i s  mine is under explora t ion and development and mining i s  expected t o  
take  place i n  t h e  near f u t u r e .  V i s i t s  were a l s o  made t o  ' t h e  t w o  opera t ing 
Russian mines, ~ a r e n t s b u r g o n G r 8 n f j o r d e n  and Pyramiden on Bi l l e f jo rden .  
A s  was t o  be expected, each mine has its own geologic  and engineering 
p e c u l i a r i t i e s  which have l e d  t o  s i g n i f i c a n t  d i f f e r e n c e s  i n  mining plans, 
mining techniques and equipment. I n  general ,  r e t r e a t  long-wall mining 
is  most commonly pract iced.  The Greenland mine a t  Q u t d l i g s s a t  on the north- 
e a s t  coas t  of Disko Is land evident ly  lay i n  the  thaw bowl of Vaigat 
Fjord and the re fo re  had fewer permafrost problems. The Barentsburg mine 
is  working two seams s e v e r a l  hundred meters below t h e  permafrost table .  
The a c t i v e  Norwegian mines and the  Russian nine a t  Pyramiden a r e  all 
within  the permafrost, whereas one of the  two explora tory  headings f o r  
t h e  Ilorwegian operated Svea mine has penetrated below t h e  permafrost. I 
While the d i f f e r e n c e s  between the mines a r e  s i g n i f i c a n t ,  t h e r e  are some 
common features which may be broadly applicable t o  the  problems of coal  
mining i n  t h e  Arct ic .  
2.2 Mine Roof Stability 
Roof s t a b i l i t y  i s  better i n  permafrost than i n  thawed ground. This 
could be seen dramat ica l ly  in t h e  case of Ffine 1'17 i n  Adventdalen when 
one passed from t he  thawed por t ion  of the  d r i f t  i n t o  the permanently 
f rozen  area .  Roof support is  more effective and less c o s t l y  where the 
rack remains frozen. It is the opinion of Russian engineers and opera tors ,  
subs tan t i a t ed  by observation,  tha t  i n  r e c e n t l y  o p e y d  mines mine air  
w i l l  a cqu i re  t h e  temperature of t h e  permafrost a t  a d i s t a n c e . o f  approxi- 
mately 1,000 m o r  l e s s  i n t o  a mine opening. I n  t h e  main e n t r y  of Mine 87 
t h e  mois ture  f r o z e  a t  600 n, and a t  900 m the rock was diy and frozen.  
When t he  a i r  temperature i s  above -20°C, experience has i nd ica ted  that 
the d i s t a n c e  i s  sonewhat g r e a t e r ,  The critical problem a r e a  is thus  roof 
support  near  the mine en t ry .  Thawing is, however, only p a r t  of t h e  pro- 
blem; t he  e n t r y  of warm, moist a i r  i n  summer permits  water to p e n e t r a t e  
i n t o  rock f r a c t u r e s  and this moisture causes s i g n i f i c a n t  and cumulative 
s p a l l i n g .  Fur ther ,  thawing can occur along j o i n t i n g  planes,  causing sudden 
and massive rock f a l l s .  Extensive props or o the r  support  systems a r e  
necessary i n  t h e  mine en t ry ,  whereas elsewhere roof b o l t i n g  and n e t s  (and 
i n  some cases nothing at a l l )  i s  s u f f i c i e n t .  Below the permafrost ,  roof 
support  problems a r e  again  encountered as w e l l  a s  sub-permafrost water 
i n  s u f f i c i e n t  q u a n t i t i e s  t o  r e q u i r e  drainage. Summer thawing i n  t he  ent ry ,  
followed by winter  f r eez ing  may l ead  t o  a slow inward movement of t h e  
a r e a  t h a w ~ d  i n  the summer, 
2 . 3  Wind C h i l l  Ven t i l a t ion  
Ventilation requirements a r e  i n  p a r t  a  funct ion  of gas conditions, 
In the low gas Norwegian mines, an  a i r  v e l o c i t y  of l e s s  than 0.65 m / s e c  
i s  maintained so that d u s t  is  not  blown about.  Larger amounts of a i r  
are r e q u i r e d  in t h e  highly gaseous Barentsburg mine, but v e l o c i t y  i s  
st i l l  kep t  low by using l a r g e  openings. I n  none of the  mines d i d  wind 
c h i l l  seem percep t ib le .  Pyramiden had a i r  v e l o c i t y  1.25 - 1.14 m/sec 
wi th  a pe rmiss ib le  maximum of 4 m/sec. 
The Norwegian mines encounter a methane gas content  of less than 
1 rn3 per t o n  i n  a l l  loca t ions .  Consequently, a i r  volumes are, minimal. 
A s  an  example, Mine /I7 draws a p p r o x h a t e l y  300 m3/min through t h e  last 
open cross cut in the  devel,,pment heading. The heading 3s i n  a 2 m thick 
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c o a l  seam with  widths of approximately 5 m. The Russian mine a t  Barents- 
burg is highly  gaseous, with a methane content  of 17.5 m3/ton. In  t h i s  
case approximately 500 m3/min of a i r  entered  t h e  longwall face .  Here 
aga in  t h e  w i d e  openings i n  t h e  longwall  s e c t i o n  prevented any high a i r  
v e l o c i t i e s  on blown coal  dust .  
2.4 Control  of Mine Temperature 
The Russians f e l t  t h a t  incoming a i r  should be warmed t o  a temperature 
of -20°c when t h e  ex te rna l  ambient a i r  temperature is below -20°c. In 
t h i s  way, t h e  cold a i r  will be warmed t o  rock temperature wi th in  1,000 m 
o r  l e s s  of t h e  opening, This warming of t h e  a i r  is designed t o  improve 
worker comfort. No one has inves t iga ted  t h e  p o s s i b i l i t y  of r e f r i g e r a t i n g  
t h e  silminer a i r  t o  prevent thaw-induced coal spa l l ing .  The Russians coiu- 
mented t h a t  t h i s  would be inappropr ia t e  i n  Svalbard where summer tempera- 
t u r e s  are  low, but  might be s u i t a b l e  i n  those  p a r t s  of Siberia wi th  very 
high summer temperatures. 
2.5 V e n t i l a t i o n  and Dust Control 
Rock d u s t  is  obtained from t h e  United Kingdom by t h e  Norwegians and 
from the Urals  by t h e  Russians. In  t h e  Russian mines, very s t r i n g e n t  
r egu la t ions  p e r t a i n  t o  t h e  app l i ca t ion  of rock d u s t  because of fire 
danger. 
Underground a i r  temperatures a r e  approximately - 4 ' ~  i n  permafrost . 
With the  U.S. requirements of higher air volumes together with l e s s e r  
amounts of bottom o r  t o p  rock taken f o r  haulage ways, wind chill and 
blown dus t  could be a problem not found i n  the mines visited. Chill would 
be most: pronounced on man t r i p s  i n  and out  of the mine, a'nd by men working 
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i n  a i r  courses  o r  i n  t h e  more sedentary occupations i n  t h e  mines, The 
Russians solved t h i s  problem by dress ing warmly with wool undergarments 
as well as wool o u t e r  garments. I n  add i t ion ,  padded garments, footwear 
and headgear were common underground. Y e t  the Russians were s t i l l  con- 
cerned wi th  miners '  comfort, and were cons ider ing  conveying warm a i r  i n  
insula ted  p ipe  t o  t h e  longwall face f o r  personal  warmth on the theory that  
s u b s t a n t i a l  damage could not  r e s u l t  i n  a working face t h a t  w a s  advancing 
a t  the  r a t e  of 2 m per day. 
2.6 Wind E f f e c t  on Norwegian Aer ia l  Tramway 
Coal is  conveyed from Mine a6 t o  an aer ia l  tramway capable of trans- 
por t ing  120 ton/hour. Gale wind can severe ly  damage trams a s  they pass  
through t h e  bents .  To prevent damage and r e s u l t i n g  s p i l l a g e ,  the  aerial 
tramway au tomat ica l ly  ceases  operat ing a t  wind s p e e d s  of 20 m/min o r  
more. It is apparent  t h a t  the re  have been ve ry  few s p i l l s  s i n c e  the tram- 
way has been i n  opera t ion ,  because any s p i l l s  would be p l a i n l y  v i s i b l e  
i n  the  a r c t i c  t e r r a i n .  
2.7 Dust Suppress ion  problem 
The mining systems employed a t  Barentsburg, Pyramiden and i n  t h e  
Adventdalen area did not  involve t h e  use  of hjgh speed c u t t i n g  machinery 
i n  c l o s e  proximity t o  workers. The workers w e r e  e i t h e r  downwind from 
t h e  c u t t i n g  equipment o r  a d i s t a n c e  from it. I n  any case ,  t h e  equipments 
u t i l i z e d  were not  the high speed equipment employed i n  t h e  U.S. mines, 
Future plans f o r  Mine #7 and Svea mine envisage thedemployment of such 
equipment and t h e  c r e a t i o n  thereby of a dust: c o n t r o l  ~ rob lem. ,  Approaches 
being discussed inc lude  t h e  u s e  of moisture and o t h e r  a d d i t i v e s  for dus t  
suppression. 
Vis ib le  d u s t  was nowhere observed a t  l o c a t i o n s  where men were working, 
The dust crea ted  by the scraper  opera t ion  i n  t h e  Norwegian mines was 
d i s s ipa ted  by t h e  time i t  reached working loca t ions .  However, i t  i s  highly  
un l ike ly  t h a t  t h e  observed condi t ions  would meet  U.S. s p e c i f i c a t i o n s  of 
3 3 mg of r e s p i r a b l e  d u s t  per  m . It was a p r a c t i c e  a t  t h e  longwall face 
i n  Russian mines t o  work upwind of longwall r i p p e r s  o r  loading conveyors. 
The Norwegian management was concerned about the d u s t  problem as they 
converted from sc raper  mining t o  more soph i s t i ca ted  loading methods, but  
as y e t  do not  have a s o l u t i o n  t o  the problem. I n  permafrost  areas, water 
i n  t h e  q u a n t i t i e s  common i n  t h e  U.S. coa l  mines cannot be  used t o  suppress 
dus t .  Not only would coal f r e e z e  underground, but  would i n s t a n t l y  convert 
t o  a s o l i d  block a t  t h e  s u r f a c e  i n  t h e  wintertime. Two p r a c t i c e s  were 
observed t h a t  could have merit. I n  Barentsburg, water up t o  a pressure 
of 200 atmospheres was i n j e c t e d  i n t o  t h e  auger holes.  A t  around 120 atmos- 
pheres the re  was a d e f i n i t e  break. The coa l  fragmented and w a s  d e f i n i t e l y  
damp without v i s i b l e  water.  Another p r a c t i c e  a t  Pyramiden w a s  t o  add 
water with a s o l u t i o n  o i  a l ano l ine - l ike  substance i n  l i m i t e d  q u a n t i t i e s .  
Current ly  the  t a r g e t  i s  t o  have no t  more than 82 t o t a l  mois ture  i n  t h e  
coal .  The Russian managers believe t h ey  can cope w i t h  c o a l  with t h i s  
amount of moisture under w i n t e r  cond i t ions  on t h e  surface .  It is  con- 
j e c t u r a l  as t o  how success fu l  this p r a c t i c e  would be i n  meeting t h e  
s p e c i f i c a t i o n s  of U.S. c o a l  mining law. 
2.8 Water Supply 
Mines I n  permafrost normally con ta in  l i t t l e  water. Some melting 
occurs near the  mine openings as  does moisture condensation, Fissures 
m a y  conduct water i n t o  t h e  m i n e ,  b u t  th is  does not seern'to be  a s i g n i f i -  
cant problem i n  Svalbard. Water does exist below the  permafrost ,  however, 
and pumping has been necessary  i n  both Svea and Barentsburg. The use of 
e l e c t r i c a l l y  heated, insu la ted  p ipes  o r  a cont inual ly  c i r c u l a t i n g  water 
supply system is  necessary t o  keep t h i s  water from f r e e z i n g  when i t  i s  
pumped through the permafrost f o r  d i s p o s a l  on the  s u r f a c e  o r  f o r  use i n  
d u s t  suppression and f i r e  con t ro l .  I n  general, i t  seems t h a t  t h e  problem 
i n  permafrost is  t h e  d i f f i c u l t y  of us ing water f o r  dus t  c o n t r o l ,  while 
below t h e  permafrost level there may be d i f f i c u l t i e s  i n  removing water 
through t h e  permafrost zone t o  the surface .  KO i n d i c a t i o n  was found of 
a c i d  mine water drainage problems. 
2.9 Surface Construct ion 
L i t t l e  d i f f e rence  was observed i n  surface cons t ruc t ion  techniques 
f r o m  those practiced i n  c o r t h e r n  Alaska. The a c t i v e  layer i n  lowland 
areas i s  about one meter th ick ,  and modern s t r u c t u r e s  are b u i l t  above 
ground on p i l l a r s  anchored one or  m o r e  meters i n t o  the  permafrost.  New 
roads a re  b u i l t  on 6 f o o t  f i l l s  t o  provide an  exposed surface so t ha t  
snow i s  blown off  the  roads and i n  t h e  expecta t ion  t h a t  the  permafrost  
w i l l  r i s e  i n t o  t h e  road bed and provide s t a b i l i t y .  A s m a l l ,  earth dam 
f o r  a r e s e r v o i r  i n  Svea is  a l s o  designed w i t h  t h e  same expec ta t ion  tha t  
the  permafrost horizon w i l l  r ise i n t o  the  dam and decrease permeabi l i ty .  
The permafrost appears t o  lack s i g n i f i c a n t  amounts of i c e ,  i.e. dry 
permafrost.  
2.10 Environmental Considerat ions 
The older  mines, some da t ing  back t o  t h e  1920s and long s i n c e  c losed ,  
show no s i g n s  of s i g n i f i c a n t  su r face  subsidence, water ~ o l l u t i o n ,  o r  
o t h e r  adverse  e f f e c t s .  A l t e ra t ion  of t h e  s u r f a c e  c o n s i s t s  p r imar i ly  of 
t h e  rock d e b r i s  near the mine o r  ent rances  which i n  some ways 
looks l i k e  the n a t u r a l  t a l u s  s lopes .  I n  some cases,  old mine s u r f a c e  
s t r u c t u r e s  remain and a r e  e i t h e r  eye-sores o r  h i s t o r i c a l  monuments, de- 
pending upon the viewer's a t t i t u d e s .  Slopes near mines a f f e c t e d  by 
underground f i r e s  a r e  colored red .  Exploratory headings i n t o  t h e  Svea 
c o a l  seam produced l a r g e  coal  p i l e s  which have subsequently been eroded 
by water s o  t h a t  very small beaches of f i n e  c o a l  can be seen along the 
shore l ine ,  bu t  the. water i t s e l f  appears t o  be  unaffected.  The c o a l  
s t o r a g e  and dock a reas  of Earentsburg appear t o  have a f i l m  of c o a l  dust, 
and several.  R u s s i a n  rock p i l e s  are  burning. The experience of the p a s t  
suggests t h a t  with proper precaut ions  and clean-up there i s  no s i g n i f i - -  
can t  environmental damage above ground from undergrouqd coa l  mining i n  
Longyearbyen and Svea. The major a r e a  of f u t u r e  concern here  may be 
wind blown coa l  dus t ,  d i sposa l  of mine c o a l  dus t  produced by high speed  
mining machinery, and d u s t  from any f u t u r e  water  washing plant. 
2.11 Coal Cleaning 
The Russian mines employ some hand-picking and coa l  c rush ing ,  bu t  
otherwise t h e  c o a l  i s  shipped without cleaning. SNSIC. installed an air 
powered washing p l a n t  i n  1964. The p l a n t  separates rock from coa l  w i t h  
an air f l o t a t i o n  nxhanism.  I n  add i t ion ,  l i m i t e d  hand picking is done 
a t  the mine mouths. The t o t a l  amount of rock removed i s  about 10%. I n  
the  f u t u r e ,  cons ide ra t ion  is  being given t o  a water washing p l a n t  a t  Svea. 
The water will probably be heated and t h e  c o a l  d r i e d  before  being stock- 
pi led .  The Russians s a i d  r,:ey are planning an  a i r  washing plant f o r  
Pyramiden s i m i l a r  t o  that i n  Longyearbyen. 
The Longyearbyen coal  cleaning p l a n t  i s  of an a i r  suspension type 
nanufactured by Westphalia Dennendahl Groppel A.G. West Germany. Coal 
is crushed and segregated i n t o  th ree  sizes: -50 rmn to +18 m, -18mm t o  
+ 1 b ,  and -10 rum. Each s i z e  i s  processed d i f f e r e n t l y .  The coal  i s  fed  
onto v i b r a t i n g  perfora ted  p l a t e s  97 c m  by 140 cm i n  dimension wi th  2 mm 
performations. The plates  a r e  arranged on a s l o p e  so t h a t  coal f l o w s  
down them. A i r  i s  forced through the  p e r f o r a t i o n s  and the coa l  is a g i t a t e d  
and kept  i n  semi-suspension with the rock p a r t i c l e s  dropping t o  the bottom. 
The separa t ion  of t h e  rock from the c o a l  i n  t h i s  f l u i d  bed is regula ted  
by the height of a c u t t i n g  k n i f e  across t h e  flow of coal .  The flow of 
a i r  i n  each  of t h e  p l a t e s  can be adjus ted  so t h a t  the rock removed from 
each plate i s  c o n s i s t e n t  with tha t  withdrawn i n  t o t a l  f r o m  a l l  t h r e e  plates.  
The r a t e  of  feed i s  adjus ted  i n  a n t i c i p a t i o n  of t h e  amount of rock ex- 
pected i n  t h e  coa l  from mine r e p o r t s  and sampl-es. This  process is not  
in accordance wi th  recommendations of the manufacturer,  bu t  the foremen 
s t a t e d  t h a t  i t  works much b e t t e r  than complicated adjustments requi red  by 
any o t h e r  method. The q u a n t i t y  of a i r  varies with the size of coa l .  
3 The smal le r  size coa l  r e q u i r e s  300 m pe r  min through the t h r e e  p l a t e s .  
3 The m i d d l e  size r e q u i r e s  520 m per  mi11 and t h e  coarse s i z e  r e q u i r e s  
830 rn3 per  min. The e f f i c i e n c y  of the  p roces s  v a r i e s  w i t h  t h e  s i z e  of 
c o a l  bu t  i s  b e s t  i n  the middle s i z e  which goes t o  t h e  f e r r o - s i l i c o n  
i n d u s t r y  and is  l e s s  e f f i c i e n t  i n  t h e  f i n e r  s i z e  which goes  t o  coking 
c o a l  and t h e  c o a r s e r  s i z e ,  some of which goes t o  steam coal. 
The Kings Bay Kul Compani A/S a t  Ny Aalesund b u i l t  a coal washing 
p l a n t  j u s t  p r i o r  t o  the mine explos ion  so t h a t  t h e  p l a n t  opera ted  for  
only  a s h o r t  while .  It w a s  designed t o  o p e r a t e  i n  summer. and employ wa-Ler .  
The o b j e c t i v e  w a s  t o  wash one year 's  product ion  and sh ip  it during t h e  
summer nav iga t ion  season. The p l a n t  b u i l d i n g s  and a s s o c i a t e d  power 
p l a n t  were observed i n  Ny Aalesund. The p l a n t  a p p a r e n t l y  experienced 
d i f f i c u l t y  c rush ing  and screening  c o a l  t o  a s i z e  compatible  w i t h  t h e  wash- 
i ng  process .  
2.12 A f f e c t s  of Remoteness on Labor Force  
Both t h e  Russ ians  and Norwegians provide s i g n i f i c a n t  f i n a n c i a l  induce- 
ments t o  a t t r a c t  a l abor  f o r c e .  The Norwegians employed on Svalbard pay 
only  a 4% income tax on their income and an a d d i t i o n a l  6% f o r  we l f a re ,  
which i s  s i g n i f i c a n t l y  lower than  income taxes i n  Norway, which may go 
anywhere from 40-902. I n  a d d i t i o n ,  room and board are subs id i zed  and 
vacat ion  generous f o r  both Russiacs  and Norwegi.ans. Thz Russians receive 
double t h e  normal wage f o r  their work and a cumulat ive 10% base wage 
bonus f o r  every six months they  remain i n  Svalbard,  wh i l e  paying t h e  s t an -  
dard, low Sov ie t  income tax. Even wi th  t h e s e  inducements, however, labor 
turnover  is high.  SNSK employs abou t  145 new men each year, o r  about h a l f  
of t h e  t o t a l  underground l abo r  f o r  each year .  The normal time an employee 
remains i n  Longyearbyen i s  s l i g h t l y  more than two yea r s .  The Russian 
workers have on ly  a two year  c o n t r a c t ,  which sugges t s  a 50% labor  turnover .  
Norwegian l a b o r  i s  g e n e r a l l y  unt ra ined  and i s  taught mining l a r g e l y  on- 
the-job. Russian workers, on t h e  o t h e r  hand, are s k i l l e d  miners from the 
Donbas and o c c a s i o n a l l y  from the  Moscow Basin. The low r e t e n t i o n  rate for 
the  Norwegians is s a i d  i n  l a r g e  p a r t  t o  be  due t o  t h e  sho r t age  of fami ly  
housing i n  Longyearbyen. SNSK i s  bu i ld ing  more f ami ly  housing and hopes 
t o  i n c r e a s e  the r e t e n t i o n  r a t e  i n  the future s i n c e  t h e  uSe of h igh  speed 
# 
(and expensive)  mining machinery w i l l  r e q u i r e  a more s t a b l e  and skilled 
fo rce .  The Russ ians  a r e  making a s u b s t a n t i a l  investment  i n  new housing 
and s o c i a l  c l u b s  i n  Barentsburg,  bu t  30 not  expect a h ighe r  r e t e n t i o n  rate 
due t o  the s e v e r i t y  of t h e  climate. Both mines have a marked d e c l i n e  i n  
product ion d u r i n g  t h e  summer due t o  extended v a c a t i o n s  and l a b o r  turnover .  
The Greenland mine a t  Qu td l ig s sa t  employed Greenland labor which was 
resident i n  t h e  a r e a  and had i ts  own housing. The d i f f i c u l t i e s  h e r e  in- 
volved a high absentee rate, e s p e c i a l l y  d u r i n g  sunnner and dur ing  hunting 
season. In a d d i t i o n ,  t h e  l o c a l  labor  appeared t o  have had l i t t l e  safety 
consciousness .  The absen tee  r a t e  i n  Longyearbyen is q u i t e  low dur ing  t h e  
win te r ,  but appears t o  i n c r e a s e  with the approach of summer. In p a r t  t h i s  
i s  due t o  the  r e l a t i v e l y  unt ra ined  n a t u r e  of much of the l a b o r  fo rce .  
The Russian mines appear  t o  place great emphasis on mine s a f e t y  and s a f e t y  
awareness. I n  both cases, the  most dangerous work w a s  sa id  to be moving 
roof suppor t s  i n  r e t r e a t  longwall mining. The Norwegians axe  planning t o  
u s e  a  system of h y d r a u l i c  moveable roof suppor t s  i n  mines t o  alleviate 
t h i s  problem i n  the f u t u r e .  The American team was s u r p r i s e d  t o  n o t e  t h e  
absence of s a f e t y  shoes  i n  t h e  Russian mines. 
2.13 Plining Techniques 
A l l  mining i n  Svalbard i s  some form of the  r e t r e a t  longwal l  method 
a t  t he  present  t ime. However, t h e r e  are cons ide rab le  d i f f e r e n c e s  i n  the  
methods a t  t h e  i n d i v i d u a l  mines. A l l  mining i n  the Longyearbyen a r e a  is  
i n  the permafrost.  Norwegian p r a c t i c e  a t  p re sen t  fs t o  refraja from 
mining below t h e  300 m t h i c k  permafros t  l a y e r .  
Mine #6 i n  t h e  Longyearbyen a r e a  uses  a h i g h l y  developed and produc- 
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t i v e  scraper mining system. The c o a l  seam is approximately 0.75 m thick. 
A c r e w  of n ine  men will d r i l l ,  shoot ,  timber, and load  out a longwall  
face i n  a  twenty-four hour per iod .  Product ion averages 7.1 t o n s  per  man 
s h i f t .  The sc rape r  is of a unique t h r e e  s e c t i o n a l  c o n s t r u c t i o n  i n  tandem 
and w i l l  ga ther  a little over  two tons  of c o a l  each s c r a p e r  pas s  which 
w i l l  load e x a c t l y  one mine c a r .  
A r e f ined  and modif ied s c r a p e r  system i s  t o  be i n i t i a l l y  installed i n  
t h e  t w o  meter t h i c k  coal seam i n  Mine /I7 which i s  now under development 
w i t h  t h e  u s e  of Joy  l o a d e r s  and shuttle ca r s .  Here t h e  s c r a p e r  w i l l  be 
of l a r g e r  c o n s t r u c t i o n  and w i l l  b e  pu l l ed  by a  110 h.p .  double drum h o i s t .  
The h o i s t  is  a shop m o d i f i c a t i o n  of a  b a s i c  Russian des ign .  Crew size 
w i l l  remain the same as at Mine 6 6 ,  with a poss ib le  r educ t ion  by one load- 
i n g  ope ra to r .  
Mine 87 will a l so  use some t y p e  of plough o r  o t h e r  longwai l  micing 
t o o l  y e t  t o  be  determined. Also, hydrau l i c  j acks  f o r  roof  suppor t s  a r e  
under i n v e s t i g a t i o n  t o  cope with t h e  h igher  c o a l  seam. Many of t h e  
i nnova t ions  which are s u c c e s s f u l  i n  Mine #7 w i l l  be  a p p l i c a b l e  i n  t h e  
Svea Mine now under development where t h e  c o a l  seam r eaches  5 m i n  
t h i c k n e s s .  
The Russian mine a t  Barentsburg has been i n  ope ra t ion  s i n c e  t h e  
y e a r  1932. The c o a l  is  modera te ly  d ipp ing  rather than f l a t  as at  Longyear- 
byen. Mining has progressed t o  s u f f i c i e n t  dep ths  t o  be  under t h e  perma- 
f r o s t .  The a c t i v e  mining a r e a  i s  under approximately 650 m of cover and 
about  330 n below sea level. Because of the long period of o p e r a t i o n ,  
t h e  mine en t r ances  s u b j e c t  t o  s e a s o n a l  thaw have d e t e r i o r a t e d  severely. 
A good p o r t i a n  of t h e  s l o p e  e n t r a n c e  has been concreted-and e l a b o r a t e ,  
closely spaced t imbering i s  maintained throughout the slope and the under- 
ground haulage  connect ing the b e l t  t r a n s p o r t a t i o n  system t o  t he  underground 
pocket.  
It i s  obvious t h a t  t h e  Russian management i s  making a g r e a t  e f f o r t  i n  
mine s a f e t y .  A l l  walkways, haulage  ways, and work areas were sc rupu lous ly  
clean by mining s tandards .  Safety p o s t e r s  of a type almost  i d e n t i c a l  t o  
those found i n  American mines were d i s t r i b u t e d  throughout,  A l l  equipment 
w a s  of permissable  cons t ruc t ion ,  w i t h  p rov i s ions  for p e r i o d i c  i n s p e c t i o n s  
and r eco rd ing  of i n s p e c t i o n  r e s u l t s  a t  t h e  site. The b e l t  haulage system 
and t h e  r a i l  haulage system were monitored and under the c o n t r o l  of a dis- 
p a t c h e r  on t h e  surface. I n  a d d i t i o n ,  methane d e t e c t o r s  w e r e  i n  s c a t t e r e d  
l o c a t i o n s  throughout t he  mine which au toma t i ca l ly  recorded t h e  methane 
c o n t e n t  and provided for a n  au tomat ic  shutdown of e l e c t r i c a l  equipment i n  
the event  t h a t  methane con ten t  exceeded t w o  percent .  One percent  methane 
w a s  t h e  po in t  a t  which o p e r a t i o n s  ceased and c o r r e c t i v e  a c t i o n  was taken. 
No f i g u r e s  were made a v a i l a b l e  as  t o  t h e  frequency o r  severity of i n j u r i e s .  
Roof c o n d i t i o n s  i n  t he  unfrozen ground a t  650 m depth  were good. 
U s u a l l y  minimal. roof b o l t i n g  vas s u f f i c i e n t  and in some cases no roof 
bolting was required and the t o p  w a s  sound. 
I n  t h e  longwal l  areas, roof j a c k s  were used i n  a c o a l  seam of l e s s  
than  1 n i n  t h i ckness .  Much l a r g e r  j a c k s  were used,  however, than  i n  t h e  
Norwegian mines. One c l o s e l y  spaced row of jacks was capable  of ho ld ing  
200 t o n s  pe r  jack .  There were two producing longwall  faces. One was a 
r i p p e r  t ype  o p e r a t i o n  i n  which t h e  r i p p e r  which was jacked against: t h e  
200 m longwal l  f a c e  wi th  s u f f i c i e n t  p r e s s u r e  t o  d i s l o d g e  the c o a l  from 
t h e  f a c e  wi thout  undercut t ing  o r  b las t ing .  It produced 300 t o n s  pe r  24 
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hours .  The Russ ian  engineers  were q u i t e  emphatic i n  d e s c r i b i n g  t h e  opera- 
t i o n  as a much l i k e  t h e  o p e r a t i o n  of a  c a r p e n t e r  plane.  They 
definitely d i d  no t  accept  the word "plough1' which d e s c r i b e s  a common Ger- 
man machine. The c u t t i n g  instrument  c o n s i s t s  of five s e t s  of removable, 
double a c t i n g  c u t t i n g  t e e t h  w h i c h  w i l l  c u t  i n  e i t h e r  d i r e c t i o n .  T h e  t o p  
and bottom set are  splayed upward and downward i n  such a manner t o  c u t  a 
f a c e  wider  than the cutting ins t rument  i t s e l f .  The instrument  w i l l  t a k e  
a 10-15 c m  of c o a l  per  c u t  and advance a long  t he  f a c e  a t  1.5 - 2.0 mlsec. 
Coal is  d ischarged  onto f l i g h t  conveyors  which i n  turn discharge on to  
a conveyor b e l t .  Coal is even tua l ly  t r a n s f e r r e d  t o  mine c a r s  of 1.25 t o n s  
capacity.  
The second ope ra t ing  s e c t i o n  w a s  a longwal l  ope ra t ion  about  150 m 
long wi th  a coal he ight  of 1 .25 m i n  which a "combine" bras used. The con- 
bine  c o n s i s t e d  of a movable, r o t a r y  t y p e  c u t t i n g  f a c e  which t r a v e l l e d  a long  
and loaded on to  f l i g h t  conveyors much like a shea r  l oade r  except that the 
c o a l  was r ipped  from t h e  face i n  s i z e a b l e  widths of app rox ina t c ly  one meter 
f o r  each pass. The combine produced 500 tons /24  hours .  When i n  opera t ion,  
i t  was most e f f e c t i v e  and c a r e  had t o  be e x e r c i s e d  t o  prevent  overloading 
t h e  flight conveyor i n  the heading.  P r i o r  t o  t h e  cutting opera t ion ,  the  
coa l  was broken h y d r a u l i c a l l y  as descr ibed  elsewhere.  The reason f o r  
t h e  hydrau l i c  breaking  was t o  prevent  rock  b u r s t ,  b u t  had t h e  secondary 
e f f e c t  of s h a t t e r i n g  t h e  coa l .  
The Pyramiden mine w a s  opened i n  1956 and is s i t u a t e d  approximately 
300 m above sea level, e n t e r i n g  i n t o  M t .  Pyramid a t  a distant-e of 1,300 m, 
It is completely w i t h i n  permafrost .  The room and p i l l a r  method is  used 
i n  a r e a s  w i t h  e x t e n s i v e  f a u l t i n g .  The main seam b e i n g  worked a t  p r e s e n t  
i s  a p p r o x h a t e l y  4.6 rn t h i c k .  It is worked i n  two s e c t i o n s .  The upper 
1.40 c n  is  mined f i r s t ,  and then  the  area i s  l e f t  f o r  one year.  Af te r -  
wards the bottom 1 .83  m seam is  mined, l e a v i n g  1 m of coal as  a roof .  
V e n t i l a t i o n  is  by a n  i n t a k e  r a t h e r  t han  exhaus t  fan w i t h  a c a p a c i t y  of 
3,595 m3/min. The a i r  is  heated when t h e  ambient air temperature drops  
t o  -20°c. I n  t h e  r e t r e a t  longwall f a c e  v i s i t e d ,  t h e  Russ ians  were using a 
I1 combine1', a machine wi th  two r o t a t i n g  heads c u t t i n g  coal a t  a r a t e  of 
0.6 - 2.5 mlmin i n  e i t h e r  d i r e c t i o n .  The combine moves a long  t h e  200 m 
longwall.  The coal is  loaded onto a flight conveyor and t h e n  t o  a b e l t  
conveyor a long  t h e  haulage way. The s e c t i o n  o p e r a t e s  t h r e e  6-hour s h i f t s  
p l u s  a maintenance s h i f t  each 24 hours.  Each o p e r a t i n g  crew c o n s i s t s  of 
9 men, i n c l u d i n g  a roof  support crew, t o  produce 550 t o n s  of coal per  
24 hours.  The mi.ne i s  provided wi th  a 12  Ism long hea-ted water  p i p e  which 
c o n t a i n s  water  a t  a temperature of f20°C. The water  w i t h  an a d d i t i v e  
very  much l i k e  a l a n o l i n  soap i s  used for dust suppress ion .  
2.14 L o g i s t i c s  and S u p p l i e s  
Both the Norwegian and Russian mines a r e  b a s i c a l l y  "company towns", 
w i t h  almost all. consumer goods rimported and d i s t r i b u t e d  by t h e  companies. 
Fami l i e s  procure  their goods through the company store. Goods are im- 
por ted  i n  the  summer and s tockp i l ed  i n  accordance w i t h  statistics f rom 
previous  years .  Both ma in t a in  v e h i c l e s  and equipment repair f a c i l i t i e s  
and spare par t s  i n v e n t o r i e s .  The Norwegians have limited a i r  t r a n s p o r t a t i o n  
on a w i n t e r  a i r f i e l d  i n  winter .  A new permanent airfield was,completed 
i n  Longyearbyen i n  1975. Support f o r  Svea is by ship i n  surmner, and wi th  
a i r c r a f t  and snow cat t r a i n  from Longyearbyen i n  w i n t e r .  * 
# 
The Russians ma in t a in  a large greenhouse and some l i v e s t o c k  that con- 
sume imported hay, and chickens  f o r  a local supply of mi lk ,  vege tab le s  
and eggs. The N o r w e g i a n s  c r e a t e  t h e i r  own recombined milk and preserve 
eggs by waxing the e x t e r i o r s .  
The inventory  l e v e l  of s p a r e  p a r t s  and c r i t i c a l  i t ems  is almost double 
t h a t  of a n ine  i n  populated s e c t i o n s  of the  United States. The Norwegian 
workers are charged f l ~ r .  510 per month f o r  room and board ,  which i s  esti- 
mated t o  cover on ly  h a l f  t h e  cost  of board. Many workers  a r e  gone a  f u l l  
3-4 months i n  summer, but absenteeism i s  extremely low dur ing  winter, 
Insurance  r a tes  r a t h e r  than  a c t u a l  ice cond i t i ons  c o n t r o l  t h e  length  of 
t h e  sh ipping  season. D i e s e l  fuel i s  a l s o  used by Norwegians as a n  a l t e r -  
na te  power source, whereas t h e  Russians use  coal. The new a i r f i e l d  a t  
Longyearbyen is designed p r i m a r i l y  as a n  a u x i l l i a r y  f i e l d  for p o l a r  com- 
merc ia l  f l i g h t s  r a t h e r  than t o  s a t i s f y  t h e  needs of Longyearbyen. 
2.15 Future  Prospec ts  
The Norwegians a r e  cons ide r ing  a p o s s i b l e  investment of some 100 
m i l l i o n  d o l l a r s  t a  c o n s t r u c t  a town f o r  abou t  400 people and develop  a 
c a p a c i t y  f o r  producing one m i l l i o n  t o n s  of coal per year from Svea. The 
c o a l  seam here reaches 5 m i n  t h i c k n e s s  and r e s e r v e s  a r e  estimated a t  
10-20 m i l l i o n  tons.  I n  a d d i t i o n ,  t hey  are planning t o  deve lop  Mine /I7 
a t  an  es t imated  c o s t  of 8 m i l l i o n  d o l l a r s  t o  r e p l a c e  product ion  from Mines 
83 and i/6 a s  t hese  a r e  dep le t ed .  
The Russians p lan  t o  develop c o a l  mining p r o p e r t i e s  adjacent t o  
Barentsburg. These p r o p e r t i e s  have been leased from SNSF: 
Norwegian product ion is  of m e t a l l u r g i c a l  grade c o a l  used t o  produce 
coke and f o r  r educ t ion  of f e r r o - s i l i c o n .  I n  t ime, a l l  Norwegian c o a l  
requi rements  w i l l  be suppl ied  from Svalbard.  
Russian c o a l  i s  used t o  supply  thermal  e l e c t r i c  power p l a n t s  and a 
c e l l u l o s e  f a c t o r y  i n  Murmansk and Archangel.  The Russians stated t h a t  
Svalbard c o a l  was l e s s  c o s t l y  f o r  these purposes t han  c o a l  from t h e  Pechora 
Basin.  
The area no r theas t  of Disko I s l a n d  i n  Greenland i s  e s t ima ted  t o  con- 
t a i n  some 30 m i l l i o n  tons of mineable c o a l  which, in  view of t h e  c u r r e n t  
European c o a l  shor tage ,  could be developed i n  t h e  f u t u r e  f o r  u s e  i n  thermal  
electric p l a n t s .  
Amax, Inc. had a team of g e o l o g i s t s  based at: O t tonese t  i n  Rindersbukta 
s ea rch ing  f o r  coal ,  and planned t o  send ano the r  geo log ica l  r e c o n n a i s s a n c ~  
team t o  Spi t sbergen  the  summer of 1975. 
With dec l in ing  o r  s t a g n a t i n g  West European c o a l  product ion  and in- 
c r e a s i n g  c o a l  p r i c e s ,  e s p e c i a l l y  f o r  m e t a l l u r g i c a l  coal, there appear  t o  
be considerable  grounds f o r  o p t i m i s m  regarding t h e  f u t u r e  of coa l  mining 
i n  Svalbard. I n  any case, both t h e  Norwegians and Russians have committed 
themselves t o  maintaining settlenlents in Svalbard based on coa l  mining 
f o r  the  fo reseeab le  f u t u r e ,  and have plans  f o r  s i g n i f i c a n t  new investments 
i n  t h i s  a c t i v i t y .  Denmark appears more cau t ious  about coal mining i n  
Greenland. 
2.16 Explora tory  D r i l l i n g  
Diamond drills require constant lubrication. In permafrost the d r i l l  
can f r e e z e  causing t h e  d r i l l  t o  s i eze .  Th i s  has occurred a t  a depth of 
10 m i n  some p a r t s  of western Greenland. Three so lu t ions  have been used 
i n  Svalbard: keeping the  mud c i r c u l a t i n g ;  using sea  water,  adding s a l t  
if necessary; and heat ing the wqter. A/S Norsk Polar  Navigasion found 
that using s a l t e d  sea water w a s  adequate, w h i l e  SNSK p r e f e r s  t o  hea t  t h e  
d r i l l i n g  water. 
2.17 Ilanagement Personnel and Social Amenities 
The Greenland coa l  mine was managed by a group of engineers and fore- 
men from Scotland under a Danish supervisor .  The arrangement appeared t o  
work w e l l .  
Both t h e  Norwegians and Russians provide family housing and bet ter  
amenities f o r  management personnel and foremen than f o r  t h e  l abor  force, 
i n  t h e  expectation t h a t  t h e  r e t e n t i o n  r a t e  w i l l  be higher. This  seems 
t o  have worked out i n  p rac t i ce ,  and t h e  r e t e n t i o n  of a r e l a t i v e l y  stable 
engineering and management s t a f f  seems t o  be a s i g n i f i c a n t  f a c t o r  i n  
maintaining production. Both t h e  Norwegian and t h e  Russians provide re- 
c r e a t i o n a l  oppor tun i t i e s  f o r  workers. I n  appears that worker p a r t i c i p a t i o n  
in cornunity affairs is low, and t h a t  the primary mot iva t ion  f o r  be ing  
i n  Svalbard i s  t h e  oppor tun i ty  t o  acquire substantial savings and r e t u r n  
home. I n  view of the phys i ca l  l a b o r  involved i n  t h e  underground mining 
techniques employed, a l a r g e  number of r e l a t i v e l y  young and s t r o n g  workers  
i s  r equ i r ed .  Increased  mechanization, p a r t i c u l a r l y  the  u s e  of movable 
hydrau l i c  roof suppor t s ,  may change this i n  t h e  f u t u r e .  The Greenland 
mine was s a i d  t o  have needed more mechanizat ion underground as t h e  s o l u t i o n  
t o  d i f f i c u l t i e s  i n  r e t a i n i n g  l abo r .  
SNSR t r a i n s  new miners  through 14 hours  of formal p r e s e n t a t i o n s  and 
on-the-job t r a i n i n g .  Formal t r a i n i n g  w a s  found n o t  t o  be' p a r t i c u l a r l y  
succes s fu l  i n  Greenland. The Russians employ only  experienced miners and 
s o  do not  have a t r a i n i n g  problem. Both the Russ ians  and Norwegians use  
c o n t r a c t i n g  and consulting organ iza t ions  t o  perform s i g n i f i c a n t  des ign  and 
planning t a s k s ,  and SNSK also c o n t r a c t s  o u t  much of i t s  c o n s t r u c t i o n  work. 
2.18 Mine S a f e t y  
The Rorwegian mines have o n l y  about  0.5 m3 of g a s / 2 4  h r / t o n  of c o a l ,  
and i n  Svea no g a s  emissions have ye t  been measured. Rock d u s t i n g  and 
rock d u s t  b a r r i e r s  a r e  used i n  t he  mines and a cadre of miners  has been 
t r a i n e d  i n  mine r e s c u e  and f i r e - f i g h t i n g .  A f i r e  s t a t i o n  i s  maintained i n  
Longyearbyen. Piine s a f e t y  is  taught  i n  special l e c t u r e s  and c o n s i d e r a b l e  
d a t a  a re  c o l l e c t e d  on acc iden t  rates. 
The Barentsburg mines a r e  650 m under t h e  surface and about  350 m below 
sea level.. The c o a l  gene ra t e s  i 7 . 5  - 20 m3/ton/24 h r s  of gas and is sub- 
j e c t  t o  rock  b u r s t s .  The Russians main ta in  a remotely c o n t r o l l e d  system 
of gas moni tors  which au toma t i ca l ly  d i sconnec t  e l e c t r i c a l  systems when gas 
content  is  dangerous. The haulage  ways are  equipped w i t h  rock  d u s t  
and water bar r ie rs  and water firc hydrants  and hoses, and working crews 
have t e l e p h o n e  communication with t he  surface.  A s t and ing ,  permanent ,  
t r a i n e d  n i n e  r e scue  team was s a i d  t o  be on duty  a t  a l l  t imes. 
The Russian emergency rescuer carr ied by miners i s  s a i d  t o  be ade- 
qua te  f o r  5-6 hours ,  b u t  is  q u i t e  heavy and cumbersome. The Norwegian 
se l f - r e scue r  i s  much sma l l e r ,  l a s t s  f o r  on ly  1-2 hours ,  b u t  i s  e a s i e r  t o  
car ry .  Reserve s e l f - r e s c u e r s  were s a i d  t o  be kept n e a r  t h e  working f a c e s  
i n  t h e  Norwegian mines. 
The Russians and Norwegians fo l low t h e  g e n e r a l  mine ' s a fe ty  r e g u l a t i o n s  
for t h e i r  r e s p e c t i v e  c o u n t r i e s .  The lack of water under  permafrost  con- 
d i t i o n s  means t h a t  o t h e r  measures f o r  f i r e  suppres s ion  are necessary .  I n  
the p a s t ,  mine fires i n  t h e  o l d e r  mines a t  Longyearen and Svea s t a r t e d  a t  
t h e  mine en t r ances  and worked backward. The Svea f i r e  of 1926 is  now 
ext inguished ,  b u t  t h e  rocks  s t i l l  r e t a i n  a t empera ture  about 8 ' ~  above 
normal. The f i r e  melted ice from t h e  permafrost  and water accumulated, 
which now forms i c e  l e n s e s  i n  t h e  o l d  mine headings. The f i r e  at. Mine /I1 
i n  Longyearbyen which s t a r t e d  i n  t h e  early 1920s is  now be l i eved  t o  be  
ex t inguished ,  perhaps because t h e  a v a i l a b l e  coal has been consumed. The 
absence of f i r e s  i n  recent years suggests t h a t  t h e  s a f e t y  measures are 
adequate .  A s  a f i n a l  note, s e v e r a l  Norwegian mining eng inee r s  i nd ica t ed  
t h a t  t he  gas r e l e a s e  from f rozen  c o a l  was slower compared t o  c o a l  w i t h  a 
more moderate t enpe ra tu re .  
2.19 P roduc t iv i ty  
Mine p r o d u c t i v i t y  is a f u n c t i o n  of t h e  n a t u r e  of the coal seam, 
geol .ogy,  mining p l a n ,  equipment, s a f e t y  requtrernents and l abor  s k i l l s .  
No p a r t i c u l a r  i n f luence  of c l i m a t e  o r  a r c t i c  c o n d i t i o n s  on underground 
p r o d u c t i v i t y  was noted. I n  terms of labor expended p e r  t o n  of c o a l  pro- 
duced, it seems t h a t  t h e  Norwegian mines a r e  a t  least tw ice  as produc t ive  
as t h o s e  of t h e  Russians.  Plans f o r  Svea envisage quadrupl ing  p roduc t ion  
per  nan by employing more effective machinery. A t  Barentsburg  the Rus- 
sians a r e  mining two longwal l  f a c e s  w i t h  a combined p roduc t ion  of 800 
tons124 h r s  and 200,000 t o n s  per  year. A t  Pyramiden t h e i r  annua l  praduc- 
t i o n  was s a i d  t o  be about  250,000 t o n s  p e r  year .  T o t a l  Norwegian produc- 
t i o n  is  about: 450,000 t o n s  per  year from about 10 working faces i n  Mines 
#3  and #6, w i t h  a d a i l y  p roduc t ion  of about  2,500 tons.  The Greenland 
mine produced approximately 30,000 t o n s  pe r  yea r ,  Longyearbyen has a 
t o t a l  popula t ion  of about  1,000, w h i l e  Barentsburg has about 1,100 people 
and Qutd l ig s sa t  (Greenland) has about  t h i s  same number. Pyramiden was 
s a i d  t o  have a popula t ion  of about  750. The Norwegians employ a t o t a l  
of about 300-360 men underground and t h e  Russians were s a i d  t o  have about  
380 a t  Barentsburg provid ing  about  half  as much coal .  Future plans f o r  
Mine #7 and Svea envisage a s i g n i f i c a n t  i n c r e a s e  i n  t h e  amount of c o a l  
produced p e r  man because of g r e a t e r  seam th ickness  and t h e  u s e  of movable 
h y d r a u l i c  props and high speed cuting machinery. 
The labor f o r c e  f o r  the Norwegian mines i s  desc r ibed  below. 
XWNING TABLE FOR THE STORE NORSIE SPTTSBERGEN KULKOIPANI A/S 
NINES I N  LONGYEARBYEN, SVALBARD, 1 APRIL 1974 
Underground Workers : 
Mine / I3 
Mine 116 
Mine !I7 
T o t a l :  325 
-
Maintenance Workers Underground: 
( r e p a i r  of locomotives,  s h u t t l e  cars, 
d r i l l i n g  machinery, e l e c t r i c a l  
equipment, etc . ) 
Mines #3 and /I6 40 
Mine 117 7 
T o t a l  Underground: 
Above-ground Maintenance, i n c l u d i n g  
operation of the power plant 
Workers on Aerial Tramway, Coal Washing 
P l a n t ,  T r a n s p o r t a t i o n  Department 
- 
GRAND TOTAL 518 
Support  Personnel  
Warehouse, Dining H a l l ,  Personnel  Department, 170 (about)  
S t o r e s ,  School, Hosp i t a l ,  Admin i s t r a t i on ,  
Accounting Department 
T o t a l  number of employees: 
NINE PRODUCTIVITY 
688 (about)  
For a t o t a l  of 372 workers underground, the average  p r o d u c t i v i t y  
during the period 1 A p r i l  1973 - 31 March 1974 was 7.1 tons per 
manshift of run  of t h e  mine coal.  This  is equivalent t o  5.7 t o n s  
of c l e a n  coal per  manshif t .  
FINAGEFENT STAFF NOT IN SVALBARD -
3 employees l oca ted  in Harstad, primarily fo r  r e c r u i t i n g  workers. 
About 25 at company headquarters in 3ergen 
2.20 - Coal Storage +
Spontaneaus i g n i t i o n  has n o t  been a problem a t  Longyearbyen. A s  
long as  the c o a l  p i l e  is no l~ ig l i c r  than 20 rn, sponraneous i g n i t i o n  does  
not occur. IJater from r a i n f a l l  and snow melt drains t o  the bottom of t h e  
p i l e  where i t  freezes. I n  s t m e r ,  a f t e r  the  coal from a pile i s  shipped,  
t h e  f rozen  c o a l  thaws and is removed by a bulldozer. It is screened,  
t h e  f rozen  lumps of c o a l  a r e  crushed,  and t h e  c o a l  shipped.  The lumps a r e  
s o f t  and easily broken. High wind speeds, particularly i n  winter, were 
said to blow considerable amounts of coal dus t  around t h e  s t o r a g e  area 
and may c r e a t e  v i s i b i l i t y  problems a t  t h e  new a i r p o r t  located  n e a r  t he  
0 
c o a l  s torage a rea .  
No information w a s  obta ined  on Russian c o a l  s t o r a g e .  However, the 
Barentsburg c o a l  has an a s h  con ten t  of 17% and c o n t a i n s  abou t  20% stone. 
A t  Svea, t h e  coal was s a i d  t o  have about  10% rock, 2% moi s tu re ,  5% ash, 
1% sulfur, 40% volatiles, and 7,800 kcallkg. Norwegian p r a c t i c e  is t o  
handpick rock; the Russians do  not  do so.  Spontaneous or other  forms 
of i g n i t i o n  has occurred  i n  c o n i c a l l y  stacked waste p i l e s  a t  Barentsburg 
and Grumant 3s can been seen  from t h e  sea. Evident ly ,  t h e r e  have been 
t r i p p l e  fires a t  Longyearbyen i n  t h e  past. I n  Greenland, t h e  c o a l  s t o c k  
p i l e  w a s  ign i t ed  by workmen throwing hot  ashes from a s t o v e  onto  the 
p i l e .  
Coal a t  a11 t h e  mines i s  s t o c k p i l e d  i n  win te r  and shipped du r ing  the 
summer. Vessels of up t o  20,000 t o n s  are loaded a t  Longyearbyen; plans 
are  f o r  Svea to have a c a p a b i l i t y  t o  load 40-60,000 t o n  vessels. 
2.21 Cos t  Data 
T h i s  t r i p  was no t  concerned wi th  c o l l e c t i n g  cos t  data. However, 
it appears  t h a t  c o a l  is produced i n  t h e  Longyearbyen a r e a  f o r  perhaps 
$25.00 p e r  ton, which inc ludes  about: $2.50 f o r  amor t i za t ion  of capital 
inves tment ,  The cos t  for investment  a t  Svea w i l l  probably be about  $5.00 
per ton. With European p r i c e s  f o r  m e t a l l u r g i c a l  grade c o a l  said t o  be 
about  $45.00 pe r  ton ,  t h e  economic future f o r  SNSK c o a l  should be pro- 
mising. However, o f f i c i a l s  sa id  that c o a l  product ion is  committed first 
t o  t h e  Horwegian s t e e l  and f e r r o - s i l i c o n  i n d u s t r y  a t  below world market 
pr ices ,  and only  the  surplus w i l l  be  s o l d  elsewhere. 
The l a r g e  l abo r  f o r c e  involved i n  the Russian mines and the obviously 
g r e a t e r  investment i n  roof suppor t ,  s a f e t y ,  and underground t r a n s p o r t a t i o n  
s u g g e s t s  t h a t  the r e a l  c o s t s  of mining must be  s i g n i f i c a n t l y  g r e a t e r  than 
t h o s e  of the Xorwegian mines. In a d d i t i o n ,  t h e  Russian c o a l  is  used f o r  
power p r o d u c t i o n  r a t h e r  than  m e t a l l u r g i c a l  purposes,  and c e r t a i n l y  has  a 
lower market value.  Ilowever, it i s  committed t o  markets  i n  Flurmansk and 
Archangel and i s  not  l i k e l y  t o  e n t e r  world t r ade .  
The Greenland mine produced c o a l  f o r  home heat ing .  O i l  g r a d u a l l y  
replaced coal, znd t h e  decision was made t o  close t h e  mine and t he  town, 
which was done i n  1972. The subsequent  i n c r e a s e  i n  o i l  p r i c e s  and the 
s o c i a l  effects of disbanding a comrnunj: of over 1,000 people which had 
lasted f o r  50 years  c a s t s  doubt  on t h e  wisdom of t h i s  d e c i s i o n .  Recon- 
na i s sance  of coal  outcrops  i n  the peninsula  northwest of Disko I s l a n d  
i nd i ca t e s  reserves of 30 m i l l i o n  t o p s  of c o a l  w i t h  a  c a l o r i f i c  value of 
about  6,000 ~ c a l / k ~ ,  mois ture  c o n t e n t  of 10-30%, and an a s h  con ten t  of 
5-182. Thi s  c o a l  might poss ib ly  be mined f o r  use  i n  Danish thermal  e l e c t r i c  
p l a n t s  a t  some t ime i n  the f u t u r e .  The Norwegian, Russian and Greenland 
nines have a l l  received significant fi i lancial  support  from t h e i r  respec- 
tive governments. The Svalbard mines a r e  s u b j e c t  t o  a tax a t  1% on the  
v a l u e  of c o a l  exported and i n  a d d i t i o n  SNSK pays a t o t a l  income and w e l -  
f a r e  tax of about  102. According t o  t h e  t r e a t y  governing Svalbard,  t h e  
on ly  t a x e s  imposed a r e  a 44 income tax and a 1% expor t  tax, t h e  funds  
from which mus t  b e  used on Svalbard.  I n  a d d i t i o n , t a  6% we l fa re  tax is 
imposed by Norway f o r  medical, r e t i r e m e n t  and other s o c i a l  benefits. 
Thus, t h e  mines enjoy a  s i g n i f i c a n t  t a x  advantage which is  guaranteed 
by i n t e r n a t i o n a l  t r e a t y .  Evident ly ,  t h e  same provis ion?  would app ly  t o  
petroleum development, making t h e  a r e a  a t t r a c t i v e  from a t a x  s t andpo in t .  
Average hour ly  wages f o r  SNSK workers  appear  t o  be approximately 
$5.00 pe r  hour. Fringe b e n e f i t s  and o t h e r  c o s t s  apparent ly  add about  
60% to this f i g u r e  g iv ing  an average c o s t  of $8.00 p e r  hour. The fees 
and c o s t s  f o r  main ta in ing  e x i s t i n g  mining claims are minimal. SNSK and 
t h e  Russian mines do spend c o n s i d e r a b l e  sums on employee housing, food, 
r e c r e a t i o n a l  and educa t iona l  a c t i v i t i e s ,  road cons t ruc t ion  and r e p a i r ,  
and employee t r a n s p o r t a t i o n  t o  and from Norway a s  w e l l  as t r a n s p o r t a t i o n  
t o  and from work w h i l e  on Svalbard,  and f o u r  weeks paid v a c a t i o n  pe r  
y e a r ,  and s a l a r y  w h i l e  i n  t r a v e l  status. These factors make comparison 
w i t h  probable mining c ~ s t s  i n  Alaska somewhat d i f f i c u t .  
2.22 Permafros t  Condit ions 
In those  a r e a s  being mined in Vest Spi t sbergen ,  t h e  a c t i v e  l a y e r  
a p p e a r s  t o  be from 1 t o  1.5 m deep.  However, on t h e  h i l l s i d e s  where the 
Norwegian mine openings exist, t h e  dep th  may be somewhat less.  Rock 
temperatures appear t o  be approximately -4OC. Norsk Polar Navigasjon i n  
o i l  d r i l l i n g  outside t he  coal  bearing a r e a s  has found t h e  l e v e l  of zero 
amplitude to be at a depth  of about  15 rn w i t h  a temperature of - 8Oc .  
The bottom of t h e  permafrost i s  genera l ly  a t  a depth  of 300 rn from the 
surface .  The i n t e r i o r  of h i l l s i d e s  a t  a h o r i z o n t a l  d i s t a n c e  of 300 rn 
from t h e  s lopes  and a v e r t i c a l  d i s t ance  of 300 m from t h e  s u r f a c e  i s  free 
from permafrost.  The Norwegian mines a r e  driven i n t o  t h e  h i l l s i d e s  l e s s  
than 300 m from t h e  p la teau  surface  and so a r e  almost completely wi th in  
the permafrost zone. Examination of r e c e n t  excavations,  and in terviews,  
suggest t h a t  t h e  i c e  content  of the unconsolidated s u r f i c Y a 1  l a y e r s  of 
permafrost is low. I n  Longyear va l l ey ,  t h e  a c t i v e  l a y e r  i s  1 m deep and 
i f  i t  is  removed i n  summer t h e  ground will thaw 0.5 m within approximately 
one week. Vegetat ion i s  sparse  and c o n s i s t s  of mosses, l i c h e n s  and very  
small p l a n t s .  H i l l s i d e s  are very s teep ,  l a r g e l y  unvegetated, and covered 
with t a l u s  s lopes  which e x h i b i t  a c t i v e  t o p  layers over ly ing permafrost.  
The most common rocks are sandstones, s h a l e s ,  b lack  s h a l e s ,  some conglom- 
o r a t e ,  claystone and coal. The valley bottoms and river courses contain 
l a r g e  amounts of g rave l  and clays.  The minimum rock temperatures en- 
countered i n  t h e  mines appear to be - 4 ' ~  and the  maximum abou t  +lOc. 
2.23 Svalbard Environmental Controls  
The international t r e a t i e s  governing t h e  archipelago of Svalbard pro- 
v ide  fo r  Norwegian sovereignty,  but s p e c i f i c a l l y  p r o h i b i t  t h e  extsnsi;n of 
Norwegian laws a u t o m a t i c a l l y  t o  the  archipelago.  Only those  passed by 
the  Norwegian parliament with s p e c i f i c  r e fe rence  t o  Svalbard can be  a p p l i e d ,  
and t h e s e  only  when they do not c o n f l i c t  wi th  t h e  terms of t h e  i n t e r n a t i o n a l  
t r e a t i e s .  
Various depar tments  of t h e  Norwegian government have responsibilities 
f o r  Svalbard. The main r e s p o n s i b i l i t y  f o r  governmental a d m i n i s t r a t i o n  
rests  w i t h  t he  Department: of J u s t i c e  which a c t s  through its r ep re sen ta -  
tive i n  Svalbard,  a Commissioner (~ysse lmann)  s i t u a t e d  i n  Longyearbyen. 
The Department of Induscry  i s  r e s p o n s i b l e  f o r  s u p e r v i s i n g  mine ra l  develop- 
ment and works w i t h  c u r r e n t  and p rospec t ive  o r g a n i z a t i o n s  i n t e r e s t e d  i n  
Svalbard. The Norwegian Foreign l I i n i s t r y  is  r e s p o n s i b l e  f o r  a l l  m a t t e r s  
regard ing  the  t r e a t i e s  governing Svalbard and the powers signatory t o  
t hose  treaties. The Department of Environmental P r o t e c t i o n  i s  responsible 
f o r  environmental p r o t e c t i o n .  t 
An official program of environmental p r o t e c t i o n  is  r e l a t i v e l y  new 
i n  Sva1bard.l The llorwegian government has promulgated a  s e r i e s  of reso lu-  
tions c r e a t i n g  t h r e e  n a t i o n a l  pa rks ,  two n a t u r a l  reserves, and 15 bird 
s a n c t u a r i e s  on Svalbard,  a l l  of which are c losed  t o  mining. Overland 
v e h i c u l a r  movement and the  development of a i r f i e l d s  a r e  p r o h i b i t e d  without 
permission from the  Norwegian government through the Commissioner f o r  
Svalbard.  The Commissioner is  a l s o  r e s p o n s i b l e  for working w i t h  t h e  ~ r o m s d  
museum f o r  p r o t e c t i n g  h i s t o r i c  sites, bu i ld ings ,  e t c . ,  p a r t i c u l a r l y  t hose  
d a t i n g  from be fo re  t h e  yea r  1900. Hunting of all forms is closely regu- 
l a t  ed . 
The primary mot iva t ion  behind t h e  development i n  r e c e n t  y e a r s  of regu- 
l a t i o n s  f o r  t h e  p r o t e c t i o n  of Svalbard ' s  environment appears t o  have been 
o i l  exp lo ra t ion .  Svalbard may contain o i l  reserves, and w i t h  t h e  f avo rab le  
t a x  s t r u c t u r e  e x i s t i n g ,  development could be  f i n a n c i a l l y  very p r o f i t a b l e .  
Unfortunately,  o i l  exploration i n  the  p a s t  has damaged the environment. 2 
The e x i s t i n g  mining a c t i v i t i - e s ,  bo th  Norwegian and Russian,  do no t  
appea r  t o  have s u f f e r e d  from environmental  c o n t r o l s .  Both the  Nomegians 
and t h e  Russians appear  t o  have made a s u b s t a n t i a l  e f f o r t  In r e c e n t  
years  t o  u t i l i z e  be t te r  methods of garbage and o the r  waste d i s p o s a l ,  b u t  
n e i t h e r  appeared s u b j e c t  t o  t h e  type  of con t ro l s  which exist i n  Alaska. 
There appears t o  be no s i g n i f i c a n t  problem involved i n  c o n t r o l l i n g  
hun t ing  o r  o t h e r  a c t i v i t i e s  by i n d i v i d u a l s  which might be harmful  t o  the  
n a t u r a l  environment. 
The major problem concerning environmental p r o t e c t i o n  seems t o  be a 
p o l i t i c a l  one, whether o r  not t h e  Norwegian government can  i n  f a c t  en fo rce  
i t s  own environmental r e g u l a t i o n s  on t h e  a c t i v i t i e s  of foke ign  n a t i o n a l s  
e x e r c i s i n g  t h e i r  r i g h t s  under i n t e r n a t i o n a l  treaties. There is, f o r  
example, some doubt as t o  whether o r  no t  t h e  Russians can  be ob l iged  t o  
f o l l o w  Norwegian r e g u l a t i o n s  concerning the environment i n  t h e i r  mining 
and minera l  and petroleum e x p l o r a t i o n  a c t i v i t i e s .  3 
1 l l i l j8verndepar tmente t ,  N i l  jbvernf  o r s k r i f t e r  f o r  Svalbard ,  1974. 
2 ~ h i s  was v i s u a l l y  observed a t  t h e  o ld  Caltex s i t e  a t  Blaahuken on 
the nor the rn  shore  of Van Mi jenf jord .  
' ~ a s e d  on conve r sa t ions  w i t h  Norwegians i n  Svalbard. 
2.24 Concluding Observa t ions  
Excepting World War 11, SNSK has  mined c o a l  c o n ~ i n u o u s l y  i n  Svalbard 
since 1916 and A r k t i k  Ugol' since 1 9 3 4 .  Both are motivated i n  payt  by a 
p o l i t i c a l  desire  on t h e  p a r t  of t h e i r  r e s p e c t i v e  goveznme1:ts t o  m a i n ~ a i n  
a p h y s i c a l  presence on Svalbard and t o  u t i l i z e  Spi t sbergen  c o a l  t o  supply  
a l i m i t e d  number of domestic consumers who would otherwise  be  fo rced  t o  
o b t a i n  c o a l  elsewhere. Future plans c l e a r l y  i n d i c a t e  that both the Russians 
and Norwegians intend t o  con t i nue  coa l  mining and improve their p r e s e n t  
s e t t l e m e n t s .  The Norwegian investment i n  suppor t ing  a c t i v i t i e s ,  and 
p a r t i c u l a r l y  t h e  new a i r f i e l d ,  i s  impressive. Problems exist because 
of permafros t ,  co ld  weather,  a s h o r t  sh ipp ing  season, and remoteness,  
b u t  t h e s e  all seem t o  have been so lved .  The exper ience  i n d i c a t e s  t h a t  
wi th  a long term commitment, f i n a n c i a l  suppor t ,  and a secure market base,  
c o a l  mining i n  t h e  A r c t i c  is  f u l l y  p r a c t i c a l .  T h e ~ e n v i r o m e n t a l  hazards 
a s s o c i a t e d  w i t h  underground mining appear  minimal and sub jec t ;  t o  c o n t r o l .  
Se t t l emen t s  c o n s i s t i n g  l a r g e l y  of short- term residents can a l s o  become 
permanent, a s  demonstrated by the  l i f e  span  of both ~ o n ~ i e a r b ~ e n  and 
Barentsbuzg. Given the  p o l i t i c a l  s i g n i f i c a n c e  of Svalbard, t h e  ques t ion  
of whether coal mining is economically v i a b l e  under changing world market 
c o n d i t i o n s  is  perhaps not  too  important .  However, t h e  f u t u r e  economic 
p r o s p e c t s  f o r  the Norwegian coal. mines do appear  a t  p resent  t o  be  q u i t e  
p r o n i s i n g  . 
3.0 GREENLAND' 
Coal h a s  been mined f o r  l o c a l  use i n  Greenland s i n c e  t h e  l a t t e r  p a r t  
of the e i g h t e e n t h  century. I n  t h e  early n i n e t e e n t h  century ,  v a r i o u s  
a t t e m p t s  were made t o  e s t a b l i s h  mining as a commerical a c t i v i t y .  These 
f a i l e d ,  however, d u e  t o  lack of investment  and compet i t ion  from lover c o s t  
and higher q u a l i t y  English coa l s .  I n  t h e  early p a r t  of t h e  t w e n t i e t h  cen- 
t u r y  c o a l  mining became established on the n o r t h e r n  s i d e  s f  t he  Nugssuak 
Peninsula. In 1924,  t h i s  mine was c losed  down and a new one opened a t  
Q u t d l i g s s a t ,  l oca t ed  on t h e  n o r t h e a s t e r n  edge of Disko I s l and  a long  Vaigat  
S t r a i t  (70°7'N, 53OW). 
In a n  economy move t h e  rrline w a s  phased ou t  between 1968 and 1973. 
The town of 1,200 people which vras supported by t h e  mine w a s  c losed 
dam, t h e  people scnt  t o  o t h e r  se t t lements ,  and t h e  e n t i r e  t o m  was s o l d  
off f o r  s c rap .  The reasons  f o r  c losu re  appear  t o  have been largely 
economic i n  n a t u r e .  The c o a l  was used p r i m a r i l y  f o r  home hea t ing  and 
cooking and was no longer  compet i t ive  w i t h  lower cos t  imported o i l .  In  
a d d i t i o n ,  t h e  o i l  w a s  more convenient.  The p o r t  was awkward and mainten- 
ance of t he  mine probably would have involved increased  investment i n  
mining machinery. 
Product ion  appea r s  t o  have peaked a t  about  40,000 t d n s  per  year  i n  
1963. The basic mining system employed w a s  underground advance s h o r t  w a l l  
mining w i t h  c o a l  p i l l a r s  f o r  support .  Coal was handloaded onto conveyors 
(o r  underground r a i l r o a d s )  f o r  haulage t o  t h e  s u r f a c e  where i t  was s t o r e d  
du r ing  t h e  winter and shipped dur ing  t h e  summer. The l a b o r  f o r c e  w a s  
e x c l u s i v e l y  n a t i v e  except f o r  a management s t a f f  of i n d i v i d u a l s  from Scot- 
land suppor ted  by Powell Duffryn Technica l  S e r v i c e s  Ltd.  as c o n s u l t a n t s .  
Judging f r o m  some newspaper a r t i c l e s  consu l t ed  and limited i n t e rv i ews  
i n  Copenhagen, i t  appears tha t  not  everyone w a s  pleased w i t h  the d e c i s i o n  
t o  c l o s e  bo th  t h e  mine and t h e  town, p a r t i c u l a r l y  i n  view of the  social 
d i s r u p t i o n  caused among the r e loca t ed  f a m i l i e s  and t h e  subsequent and 
ra ther  dramatic i n c r e a s e s  i n  t h e  c o s t  of imported o i l .  
The e x t e n s i v e  outcroppings  of coal on t h e  Nuqssuak Peninsula  a r e  
being s t u d i e d  and may r e p r e s e n t  a s i g n i f i c a n t  f u t u r e  source  of energy. 
I n  the l a t e  19601s, t h e  mine s h a f t s  reached a maxfmum depth  of 100 m 
below ground. A c o a l  seam as t h i c k  a s  1.5 m was mined by t h e  advance 
short wall system. A t o t a l  l abor  force of about 100 was u t i l i z e d ,  85 of  
whom worked underground, A significant absenteeism problem e x i s t e d ,  
e spec ia l ly  dur ing  t h e  sumier months, and t o  compensate for this a l a r g e r  
number of workers was actually carr ied on the r o l l s  (see Ton ta tus  E u t t e  
Mine). Pline development work occurred dur ing  t h e  summer, when l a b o r  was 
s h o r t ,  and most mining occur red  during t h e  w i n t e r ,  with c o a l  s t o r e d  and 
then  shipped d u r i n g  t h e  summer. Supplies  came from Copenhagen by sh ip .  
Coal mined a t  t h e  f a c e  was manually moved onto,conveyors .  With t h i s  
system p r o d u c t i v i t y  averaged 4.25 t ons  per  manshi f t .  The m i n e  e v i d e n t l y  
was not  wi th in  permafros t ,  o r  a t  least permafrost  did n o t  appear  t o  be  a 
s i g n i f i c a n t  problem. There was cons iderable  seepage front t h e  s u r f a c e  
I 
r e s u l t i n g  i n  an  ex t remely  w e t  mine. The w e t  mine c h a r a c t e r i s t i c  w a s  the 
reason  f o r  employing eng inee r s  from Scotland who have expe r i ence  i n  t h i s  
form of coal  mining. 
Because of t h e  wetness ,  coal dus t  gene ra t ion  appea r s  n o t  t o  have been 
a problem. The c o a l  d i d  n o t  produce measurable gas. The i n c l i n e s  were 
abandoned when they  reached a d i s t a n c e  of about  3,000 f e e t .  
Winter tempera tures  c r e a t e d  some problems. Temperatures as l o w  a s  
- 3 5 O ~  were neasured i n  a i r  e n t e r i n g  t h e  mine. T h i s  caused some f r e e z i n g  
and breaking of p i p e s .  The consu l t an t  recommended that mining machinery 
which i s  s t o r e d  above ground be  kept heated and covered during t h e  w in te r  
w h i l e  not i n  use.  The r ea son  g iven  was that  the low t empera tu re s  would 
cause  c o n t r a c t i o n  in the s t e e l  and could cause  d i f f i c u l t i e s  w i t h  t h e  bear-  
i n g s  i n  t h e  machiaery. 
Room and p i l l a r  mining was a l s o  employed e v i d e n t l y  because i t  was a 
be t t e r  means of ma in t a in ing  roof s t a b i l i t y .  Wood props  w e r e  used ,  b u t  
t h e s e  proved t o  be  q u i t e  expensive, and a gradual t r a n s i t i o n  was made t o  
h y d r a u l i c  suppor t s  and s teel  p r o p s .  
The mine d i d  not employ s o p h i s t i c a t e d  technology and was used t o  
p rov ide  coal  f o r  l o c a l  consumption. The coal mine, w i t h  i t s  100 man 
labor force, was tlie p r i n c i p a l  economic a c t i v i t y  i n  a settlement of 
1,200 people.  
Had t h e  mine remained i n  o p e r a t i o n ,  i t  appears  p robab le  t h a t  i nves t -  
ments would have been made i n  more modern equipment;.in o r d e r  t o  reduce  
t h e  l a b o r  fo rce .  T h i s  w a s  necessary n o t  on ly  because of  t h e  i n c r e a s i n g  
c o s t  of l a b o r ,  but also because of l a b o r  d i f f i c u l t i e s  particularly over 
the q u e s t i o n  of absenteeism.  Reported d i r e c t  l abo r  c o s t s ' p e r  t on  w e r e  
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30 Dkr i n  1969. 
Note on source.  Interviews with Eir. E l m a r  J. Schiener ,  Greenland 
Geologica l  Survey, Copenhagen, and with M r .  E r i ck  Dockner of t he  Greenland 
Technical Organization. S e l e c t e d  r e p o r t s  produced f o r  the GTO by Powell 
Duff ryn  Technical  S e r v i c e s ,  Ltd., were consul ted .  A survey  of newspaper 
a r t i c l e s  from Danish newspapers i n  t h e  University of Alaska L i b r a r y  was 
a l s o  made. On early mining, s ee :  P. P. Sve i s t rup ,  Det Danske S t y r e  a£ 
Grdnland, Efeddeleiser om ~ r d n l a n d ,  Bd. 145, N r .  1,  1945. 
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Spi t sbergen  i s  an A r c t i c  i s land group l y i n g  i n  t h e  Arctic Ocean between 
7G026' and 80°,0' north l a t i t u d e  and 1 ~ ~ 3 0 '  and 230101 eas; l o n g i t u d e .  
The group i nc ludes  the fo l l owing  islands: Vest Sp i t sbe rgen  (39,,500 km2), 
Edgedya (5,150 !an2), Barentsdya (1,300 km2), and P r i n s  K a r l s  Forland 
(650 km2) ,  Inc lud ing  t he  s m a l l e r  i s l a n d s  Spitsbergen has an area of 
61,600 km2. 
~ v i t d y a  (250 lun2), Kong Karls  Land (311 km2), Hopen (46 km2) and 
Bjdrndya (178 km2) do not belong t o  t h e  Spitsbergen archipelago. Together 
w i t h  t h i s  i s l a n d  group they f o r m  t h e  Svalbard Archipelago which has a 
t o t a l  area of 62,405 km2 (p. 17). Spi tsbergen Treaty of 9 February 1920 
gave Norway f u l l  sovereignty; acceptance took place  on 14 August 1925 
(P. 17). 
Climat ic  d a t a ,  shown on t he  t a b l e ,  i n d i c a t e  t h a t  a ve ry  l a r g e  temper- 
a t u r e  i n c r e a s e  has occurred i n  t h e  win te r  months from t h e  perjiod 1912- 
1930 u n t i l  t h e  period 1951-1960 (p. 2 4 ) .  March i s  the  co ldes t  month of 
t h e  yea r ,  J u l y  t h e  warmest. Temperatures down t o  -30 '~ dan occur i n  
0 
win te r  and temperatures up t o  4-16'~ i n  summer. There i s  a l a r g e  v a r i a t i o n  
i n  winter temperatures. For example, t h e  average temperature i n  January 
1947 w a s  -1.8OC and i n  January 1959 -15.6OC. ( In  ~ r d n f j o r d  temperatures 
have been measured down t o  -49.5'c.) P r e c i p i t a t i o n  is  g r e a t e s t  i n  f a l l  
and l e a s t  i n  spring.  The average annual  p r e c i p i t a t i o n  i s  over 300 mm. 
P r e c i p i t a t i o n  can occur as snow i n  every month, bu t  i s  r e l a t i v e l y  i n f r e -  
quent i n  J u l y .  Sky cover is u s u a l l y  l e a s t  i n  Apr i l  and h ighes t  i n  J u l y  
and August. The dominant wind i s  from NNE and E, t h a t  is  ou t  I s f j o r d e n ,  
p r a c t i c a l l y  t h e  whole year. Only i n  J u l y  and August i s  t h e  wind from the 
south s t ronges t  (p. 25).  Wind v e l o c i t y  i s  o f t e n  high i n  winter .  In  the 
months November through Flarch, 50% of t h e  days have an average masirnun: 
wind speed of 6 on the Beaufort s c a l e  (p. 26). Along Vest Spitsbergen l i e  
t h e  youngest rock formations, i.e., rocks  from t h e  T e r t i a r y  per iod ,  i n  a 
t rough- l ike  s t r u c t u r e  which s t r e t c h e s  from Kongsfjord -southward t o  Stor- 
f j o r d .  On both s i d e s  of these  T e r t i a r y  d e p o s i t s  a r e  found T r i a s s i c ,  
J u r a s s i c ,  and Cretaceous rocks. TI-.:se i n  t u r n  are surrounded by rocks 
CLIhiATIC DATA ON SVALBARD 
(Developed by Thor Werner Johanncssen) 
Jan Feb Mar ~~r May Jun Jul Aug Sep Oct Nov Dec 
Average Temp. OC -10.3 -9.9 -11.9 2 2.7 2.1 5.0 4.5 1.3 -2.4 -5.3 -7.9 
(1951-1960) 
Average Cloud 5.2 5.6 5.4 4.8 5.4 6 . 2  6.5 6.6 6.3  6.2 5.8 5.2 
Cover (scale 0-8) 
Average Number of -- 0.4 0.7 0.1 1.1 + .  5.3 10.0 5.3 2.2 1.7 0.3 -- 
Days with Fog 
Normal Temp. OC -13.8 -14.0 -15.7 -11.8 -4.7 2.2 4.4 4.3 0 . 6  -5.2 -9.6 -11.1 
1912-1930 
from the Carbonif eraus and  Perlnian pe r i ods .  Fa r thes t  out: west  along 
a l l  of V e s t  Sp i t sbe rgen  r o c k s  have been s t r o n g l y  metamorphosed due t o  
f o l d i t l g .  These a rc  ca l led  the  lIecla Hoek rocks .  
The Hecla Hoek format ion  evident1.y c o n s i s t s  of Pre-Cambrian and 
younger rocks up t o  Ordovician and S i l u r i a n  ages .  The Hecla  Hoek fonna- 
t i o n  weathers i n t o  mountains w i t h  peaks which i n s p i r e d  Baren t s  t o  name 
t h e  i s l a n d  group Sp i t sbe rgen .  Younger sedimentary fo rma t ions  have formed 
t h e  mountain p l a t e a u s  which a r e  most c h a r a c t e r i s t i c  i n  the i n n e r  po r t ion  
of I s f j o r d  (p. 30). 
F o s s i l s  from t h e  Carboniferous show t h a t  there must have been a very  
r i c h  v e g e t a t i o n  on Svalbard 300-380 m i l l i o n  years  ago (p. 32) .  Coal i s  
found i n  t h e  upper Cre taceous  and lower T e r t i a r y .  It i s  t h e  T e r t i a r y  coals 
that are being mined today. The coal-bearing area wi th  t h i c k  seams i s  
spread over t h e  c e n t r a l  and sou theas t e rn  p a r t s  of V e s t  Sp i t sbergen  and 
inc ludes  c o a l s  from t h e  Carboniferous u p  t o  and inc lud ing  the T e r t i a r y  
per iods .  The m o s t  impor tan t  d c p o s i t s  under e x p l o i t a t i o n  were formed i n  
t h e  T e r t i a r y  per iod .  
The Norwegian mines a t  Longyearbyen d r i f t  i n t o  nearby h o r i z o n t a l  
beds up t o  the  mountain s i d e s .  I n  t h e  mines a t  Ny-Aalesund t h e  work w a s  
i n  an arza with  l a r g e  f a u l t s  which made t h e  mine c o n d i t i o n s  d i f f i c u l t .  
A t  Barentsburg i n  Grdnfjord,  the  Russians mine along h o r i z o n t a l  d e p o s i t s  
a t  low l e v e l ,  Deep i n  B i l l e f j o r d  i s  Pyramiden, t h e  o t h e r  Russian mine. 
The coa l  mined h e r e  is  from a d e p o s i t  from t h e  lower Carboniferous (p. 32). 
I r o n  i s  found i n  many p l a c e s  b u t  is  of no economic value. The same 
can  be  s a i d  of copper which has  been found i n  S t .  J o n s f j o r d  and other 
p l a c e s  i n  t h e  Hecla Hoelc formation.  Lead and zinc have Seen found i n  t h e  
area between I s f j o r d  and Bel lsund.  Narble has  been mined on t h e  Blom- 
s t r a n d  Peninsula  i n  Kongsfjorden, b u t  i t  w a s  not p r o f i t a b l e  because of 
t h e  p e n i n s u l a ' s  t e c t o n i c s  and f r o s t  i n f l u e n c e  on t h e  marble .  A small 
d e p o s i t  of asbestos w a s  found in Recherchefjorden, bu t  t h e  q u a l i t y  w a s  
l o w .  Gypsum is  found i n  B i l l e f j o r d  b u t  turned out  t o  be  n o t  mineable.  
Gypsum i s  a bu lk  commodity and probably n o t  worth mining (p .  33). Phos- 
p h a t e s  are found, but i n  t oo  t h i n  l a y e r s  t o  be worth mining; a l s o  t h e r e  
are some i r o n  carbonates  b u t  not  s u f f i c i e n t l y  pure t o  be of economic 
v a l u e  (p. 34) .  
During t h e  I c e  Ages t h e  land was pushed d o ~ n  by t h e ' i c e  s h e e t  and 
* 
w a s  300 n lower than i t  is  today.  L a t e r  t h e  land rose ,  r e s u l t i n g  i n  ter- 
r a c e s .  Today two t h i r d s  of Svalbard is  covered wi th  i c e  and snow. 
G l a c i e r s  e n t e r i n g  the  sea o f t e n  l i e  on the  sea bottom; can lie up to 100 m 
deep i n  t h e  sea. I c e  bergs  r e s u l t  from glacier ca lv ing  i n  summer (p. 3 4 ) .  
Permafrost i n  Svalbard has a n  average  depth of 300 m. On grass-covered 
f l a t  lands  t h e  s u r f a c e  m e l t s  on t h e  average only 50 cm, and on w e l l  d r a ined  
g r a v e l s  up t o  2 m, Permafrost  causes t h e  s u r f a c e  to be extremely wet. 
Frost a c t i o n  causes  s o r t i n g  of t h e  ground m a t e r i a l  a s  t h e  l a r g e r  deeper  
m a t e r i a l s  i s  shoved up t o  t h e  s u r f a c e .  
According t o  I c e l a n d i c  Landnamabok (p .  3 7 ) ,  Svalbard w a s  discovered 
by Vikings from Ice land  i n  1194, and rediscovered by Dutch i n  1596 (p. 37). 
The  Dutch exp lo re r s  were searching for a r o u t e  t o  t h e  east  i n  compet i t ion  
w i t h  t h e  B r i t i s h  who opened t r a d e  w i t h  t h e  White Sea in 1553. The 
Por tuguese  rounded Cape of Good Hope in 1497, and the Hansea t ic  League 
had c o n t r o l  over t r a d e  i n  Northern Europe (p .  37-39). The Baren t s  p a r t y  
proceeded t o  t h e  no r the rn  t i p  of Novaya Zemlya where they  overwintered,  
lost t h e i r  vesse l ,  and re turned  by boa t  t o  t h e  moutb of Pechora, and 
Kola Pcninsul.a, and were found by Dutch merchantmen. Barents  himself 
d i e d  01 s c u r v y  (p.  39-40) .  
Seas west of Spi t sbergen  and around 13jdrnbya had wal rus  and Green- 
l and  whales; wal.rus were hunted and k i l l e d  on land. Henry Hudson explored 
Sp i t sbe rgen  i n  1607 and c a l l e d  i t  Kongsfjord Hvalbukta because of t h e  
large number of whales he found t h e r e  (p. 41).  The,first whaling o f f  
Sp i t sbe rgen  began i n  1611 by Englishmen (p. 42) .  L i t t l e  is  heard of * 
Engl i sh  whaling i n  Spi t sbergen  after 1660, b u t  t h e  Dutch cont inued  s t r o n g  
(p .  4 6 ) .  Whales began leaving t h e  f j o r d s  i n  about  1650; Englishmen 
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q u i t ,  b u t  t h e  Dutch went i n t o  P e l a g i c  whal ing (p. 46) .  
Jan Mayen was discovered by the Dutch in 1614, and w a s  used as  a 
s h o r e  based whaling s t a t i o n  ( p .  4 6 ) .  Smeerenburg's d e c l i n e  began in abou t  
1647 and by 1690 was empty (p.  47 ) .  The last  Dutch whaler came t o  Sp i t s -  
bergen i n  1864. Tile f i r s t  Russian h u n t e r s  came t o  Sp i t sbe rgen  s o m e t i m e  
between 1715 and 1720, a l though i t  has  been stated t h a t  they  came earlier, 
i n  t h e  16 th  century .  A t  t h e  beginning of t h e  18th century ,  Russians i n  
large numbers were found along t h e  coast of North Norway where they were 
called "pornorex". Russians hunted wal rus ,  white f i s h ,  seal, r e i n d e e r ,  
and f u r  animals. In  t h e  beginning, Russians remained on ~ d g e d y a .  They 
l e f t  the W h i t e  Sea i n  J u l y  i n  "Lodj" c a r r y i n g  up t o  24 men; remained i n  
Sp i t sbe rgen  u n t i l  fol lowing summer (p. 55). Russians g r a d u a l l y  spread  
over  Sp i t sbe rgen  i n  search  f o r  new hun t ing  grounds; reached to Bellsund 
and Grqh~fjorden i n  Kongsfjord and t o  o t h e r  f j o r d s  a long  the w e s t  coast 
(p. 56). Most Russian hunt ing e x p e d i t i o n s  were sent i n  t h e  c e n t u r y  from 
1730 to 1830. I n  1804 the Russian White Sea Company was given boundar ies  
f o r  i t s  o p e r a t i n n a l  area by Alexander I. "This would i n c l u d e  not: on ly  
Lhc \ Jh i t e  Sea b u t  a l s o  t h e  Gruman I s lands  (Grumant w a s  t h e  ~ussians' 
name f o r  Svalbnrd) ,  Novaya Zemlya, Kolgdyev, and t h e  NorthcL=. s ~ a  nd 
t h e  Arctic waters" (p, 56) .  Russian hunting began t o  decrease i n  the 
e a r l y  1 9 t h  cen tu ry ,  i n  p a r t  because of Norwegian compet i t ion  (p. 56-57). 
Norwegians from Hammerfest, ~ r o m s d  and later Trondheim began hunt- 
ing i n  Sp i t sbe rgen  i n  t h e  e a r l y  19 th  cen tu ry .  They were mainly interested 
i n  the l a r g e  wa l rus  herds .  I n  t h e  1870s, h e r r i n g  schoo l s  appeared off 
the  w e s t  coast of Spi t sbergen ,  but l e f t  i n  1883, and were fished in t h e  
i n t e rven ing  y e a r s  ( p .  58-59). The f i r s t  shipment of c o a l  from Sp i t s -  
bergen was made by Sdren Zachariassen i n  t h e  summer of 1899. T h e  c o a l  
was so ld  i n  n o r t h  Nomay (p. 65) and t h i s  l e d  t o  c o a l  mining claims. 
I n  1904 Trondhjem Spi t sbergen  Kulkompani so ld  i t s  c la ims  on Adventf jord 
t o  John hi. Longyear who wi th  Freder ick  Ayer f r o m  Boston, founded t h e  
Arctic Coal Company i n  Boston i n  1906 ( p .  66). Norway took sove re ign ty  
over Svalbard o n l y  a f t e r  t h e  U.S.S.R. in 1924 acknowledged Norwegian 
sovereignty (p. 7 7 ) .  I n  1935, U.S.S.R. signed the t r e a t y  with Svalbard 
(p. 77). World War I caused a h a l t  t o  mining of b e l l i g e r e n t s  i n  S p i t s -  
bergen (p .  7 1 ) .  A Norwegian synd ica t e  bought A r c t i c  Coal Company and 
the l a n d s  uf Norwegian companies l y i n g  nearby and soon became t h e  S to r e  
Norske Sp i t sbe rgen  Kulkompani. 
A r k t i k  Ugol' opened mines at Grumant e a s t  of Coles  Bay and a t  
' 
Barentsburg on t h e  east side of Grdnfjord i n  1931 and- 1932 (p. 111). 
:.lusk oxen were brought  from Greenland t o  Adventf jord area (Moskushamn) 
( p .  169). The Svalbard og Ishavsundersdkelser  o r g a n i z a t i o n  has  been 
supported by the Norwegian government s ince  1927 (p. 269). I n  the p z r i o d  
1907-1939, Norwegian s c i e n t i f i c  exped i t i ons  went t o  Svalbard; mapped 
18,653 sq. km; took 65,000 a e r i a l  photographs and mapped 92,166.8 sq .  
:cm of ocean area (p .  177) .  
J u s t  p r i o r  t o  \ lo r ld  \Jar 11, total Russian and Norwegian coal pro- 
d u c t i o n  reached n e a r l y  700,000 t o n s  annual ly  and about 150 s h i p s  a r r i v e d  
annua l ly  t o  hau l  c o a l  (p. 179).  A Russian company, based i n  S t .  Pe t e r s -  
burg  and named A / s  D e  Russ i ske  Kulfelter Green Harbour, bought land 
between Barentsburg and Colesbukta  between 1913 and J u l y  1918;from Nor- 
wegian i n t e r e s t s  (p .  247). B ib l iog raph ica l  no te :  Sir Martin Conway, 
No Man's Land, publ i shed  i n  1906, concerns t h e  h i s t o r y  o f  Sp i t sbe rgen  
whaling (p. 274).  
I n  t h e  summer of 1910 a l a r g e  German e x p e d i t i o n  l e d  by Graf von 
Zeppel in  and Prince Heinrich of P r u s s i a ,  went t o  S p i t s b e r g e n  t o  s t u d y  
the use  of a i r  s h i p s  i n  A r c t i c  a r e a s  (p. 275). A t  t h e  same time t h e  G e r -  
mans "occupied" land i n  Krossf j ord ,  Kingsf j ord ,  l lagdalenaf j ord and 
Raudfjord, a l l  a long  t h e  nor thwes t  coas t  of Vest Spitsbergen from Ny- 
Aalesund northward (p. 285). In 1920, a Dutch company bought o u t  t h e  
Russian company owning f i e l d s  a long Green Harbour. The Dutch planned t o  
nine 500,000 t o n s  of coal annually and founded the town of Barentsburg 
( p .  310-312). They produced 48,000 tons  of c o a l  i n  1924-1925 and made 
p r e p a r a t i o n s  f o r  producing 250,000 pe r  annum (p. 314). A Russ ian  expedi- 
t i o n  came t o  Baren tsburg  in the summer of 1931 which r e s u l t e d  i n  t h e  
purchase of Dutch mines which have sh ipping  f a c i l i t i e s  t o  load up to 
350,000 tons  of c o a l  pe r  annum (p. 325, 326).  
It  was i n  the  years just: be fo re  t h e  f i r s t  World War thar t h e  Russ ians  
f i r s t  showed i n t e r e s t  i n  Svaibard. Thi s  undoubtedly occu r r ed  because of 
t h e  d iscovery  of t h e  r i c h  c o a l  d e p o s i t s  on t h e  a r ch ipe l ago  and an under- 
s t a n d i n g  of the meaning they  could have f o r  Russia.  A f t e r  l e a d i n g  a n  
exped i t i on  t o  Spi t sbergen  i n  t h e  summer of 1913, mining engineer ,  Rudolf 
L. Samoi lov i t s j ,  wrote a r e p o r t  about  t he  c o a l  d e p o s i t s  i n  Spi t sbergen .  
It was s t a t e d  t h a t  t h e  c o a l  d e p o s i t s  were highly s i g n i f i c a n t  f o r  Russ ia ,  
acco rd ing  t o  a t r a n s l a t i o n  of an e x t r a c t  a v a i l a b l e  a t  Svalbardadvokatens 
a r c h i v e s .  
The u t i l i z a t i o n  of l a r g e  d e p o s i t s  of c o a l  wi th  a q u a l i t y " n e a r 1 y  a s  
good as  Engl i sh  c o a l ,  and under r e a l i s t i c  mari t ime c o n d i t i o n s ,  a r e  of 
e s p e c i a l l y  great: s i g n i f i c a n c e  f o r  t h e  Russian Navy. Wherr one takes into 
c o n s i d e r a t i o n  t h e  f a c t  that the  B a l t i c  f l e e t ' s  v e s s e l s  u s e  Eng l i sh  c o a l  
and t h a t  i n  case of a c o n f l i c t  w i t h  England they  w i l l  be  t h rea t ened .  It 
must be admit ted t h a t  t h e  f a c t  t h a t  the Spi t sbergen  c o a l  i s  only two days 
from Borth Russia can be  of s i g n i f i c a n c e  f o r  t h e  S t a t e .  Vladimir Alex- 
androvich  Rusanov, a Russian geo log i s t ,  w a s  s e n t  t o  Sp i t sbe rgen  by a group 
of merchants  from Archangel. A r e p o r t  e n t i t l e d :  "The I s l a n d  of Sp i t s -  
bergen and t h e  first Russian S c i e n t i f i c  and I n d u s t r i a l  Expedition" w a s  
publ i shed  in t h e  year  1913 i n  Archangel.  The exped i t i on  had 14 members 
and a r r i v e d  a t  Bellsund on 3 J u l y  1912 (p .  333). They went overland and 
explored  Green Sound and Colesbukta.  They claimed a small a r e a  near 
Coleshukta ( p .  3 3 4 ) .  On t h e  16th of March 1913, Rusanov's backers  estab- 
l i s h e d  the Ilandeslhuset Grumant A/S t o  develop mine ra l s  in Svalbard and 
began coa l  mining in 1913 (p .  336). N. H. Dole, America i n  Spi t sbergen ,  
Vol. 11, c i tes  t h a t  t h e  Russians had a disagreement w i t h  Longyear over 
mining p r o p e r t i e s  (p. 338) .  The Russ ians  mined i n  Colesbukta i n  t h e  
sununer of 1913 (p. 3 4 1 ) .  A d d i t i o l i a l  e x p l o r a t i o n  w a s  conducted i~ Colesbukta 
i n  the sumner of 1914 and the summer of 1915 (p.  342).  
I n  1920 the Ang1.o Russian Grumant Company w a s  e s t a b l i s h e d  i n  Londor! 
t o  u s e  Russian properties. Thc l l u s s i n n s  commenced mining a t  Grumnnt 
(p .  355) and a t  Barentsburg (p .  356) mines w e r e  t aken  over by Arktik 
Ugol' i n  1933 (p. 361). I n  t h e  winter of 1933-1934 Russians had 1,261 
people  i n  Barentsburg,  i nc lud ing  100 c h i l d r e n .  
I n  1934, t hey  produced 180,312 tons of c o a l ,  of which 10% was used  
l o c a l l y  and about  149,000 t o n s  were shipped (p. 363). The Russians 
a t t e m p t e d  i n  1934-1935 t o  u t i l i z e  wa te r  f o r  d u s t  suppression,  but t h e  
water f r o z e  i n  t h e  mines, and instead t hey  removed t h e  d u s t  once per  work- 
I 
ing week and used rock d u s t  t o  c o n t r o l  t h e  c o a l  d u s t .  P roduc t ion  i n  1935- 
1936 reached  1,300 t o n s  per  day w i t h  700 men working i n  the Ba ren t sbu rg  
mine ( p .  367).  The gas con ten t  was v e r y  small. They mined 400,134 tons 
of c o a l  i n  1936 of which 342,216 tons were shipped du r ing  the year. A 
50 m wide p i l l a r  had been l e f t  s e p a r a t i n g  t he  s h a f t  from the ocean where 
i t  was under sea l e v e l  (p. 368) in the Grumant mine which i n  1936 pro- 
duced 75,131 t o n s  of coa l ,  of which 63,909 was shipped (p.  3 6 8 ) .  The 
mines were evacuated i n  1341; Germans s h e l l e d  and des t royed  the b u i l d i n g s  
i n  1943. Recons t ruc t ion  of Russ ian  mines began i n  1946 (p. 380-382). 
I n  1954 Barentsburg de l ive red  161,080 tons of c o a l ,  Grumant 120,459 tons. 
During 1954, 211,616 tons  of c o a l  were shipped o u t  (P. 401). In  1965, 
a t o t a l  of 400,000 t o n s  of c o a l  w e r e  t o  be produced. I n  Baren tsburg ,  
coal w a s  t o  have 7,400 ~ c a l / k g  and a n  ash c o n t e n t  of 30%, reduced t o  
24-25% by " s j e id ing"  ( p .  415). From A p r i l  1965 a new mine w a s  i n  o p e r a t i o n  
i n  Barentsburg.  The bottom of t h e  s h a f t  l i e s  1,200 m down from the  
s u r f a c e ,  b u t  a t  the t i m e  the lowest  operating l e v e l  was 800 m. Retreat 
longwall  mining was used;  water spray  was u s e d  a t  cutter machines t o  
reduce ccal  dust (p. 416 ) .  D a i l y  p roduct ion  a t  Barentsburg w a s  600 t o  
700 t o n s  in 1965. A f i r e  hose  system e x i s t s  i n  t h e  mine, which b r i n g s  
sea water  from the  sea  down t o  the  coal. f a c e s  f o r  use i n  case of f i re ;  
rock d u s t  b a r r i e r s  and rock  d u s t  a r e  used f o r  d u s t  suppress ion .  They 
have a r e l ay  i n  t h e  v e n t i l a t i o n  system t o  c u t  o f f  a l l  e l e c t r i c i t y  i n  the 
nine  i n  the event t h e  methane gas  content  i n  t h e  r e t u r n  a i r  reaches 
0.52, b u t  t h i s  has never occurred (p. 416) .  Coal product ion  from t h e  
Russian mines accord ing  t o  Norwegian data on c o a l  shipped ou t  of  Sp i t s -  
bergen: 1933 - 149,000, 1935 - 318,868, 1939 - 313,246; 'reached 310,133 
by 1955; from 1956 through 1963 c o a l  shipments  varied from 366,800 (1362) 
t o  480,395 i n  1960. 
An Eng l i sh  company developed a marble qua r ry  i n  Kongsfjord by 1913; 
i t  w a s  thought  that the marble t o  be of ve ry  high quality (p.  439). 
Research i n  1916 showed t h a t  t h e  good marble was a t  t h e  s u r f a c e  only and 
quar ry ing  would be  worthless ( p .  446).  The B r i t i s h  a l s o  sought t o  develop  
what  they  thought was high  grade  iron ore i n  Rechcrchefjorden i n  1918 
(p.  450-451). Pages 450-462 d i s c u s s  some minor d i s c o v e r i e s  of copper, 
lead, zinc  and iron ore d e p o s i t s  made i n  1919. 1.Zost proved uneconomical 
by 1921 (p .  466). 
The Svalbard Treaty w a s  s igned  i n  P a r i s  on 9 February 1920 (p.  4 6 8 ) .  
The above discoveries and exp lo ra t ions  were made by an English company, 
t h e  Northern Explora t ion  Company, which w m t  o u t  of business by 1929 
(p.  4 8 2 ) .  
Iloel, :idol£, Svalbnrd, Sva lba rds  b i s t n r i e  1596-1965, V o l .  11, Sverre 
Rilda l l l s  ~ o k t r ~ k k e r i ,  O s l . o , ~ 9 6 6 .  
Swedish organization l a i d  f i r s c  c la tm t o  c o a l  seams i n  t h e  Pyramid 
area in 1910 f o r  the purpose  of secur ing  coa l  f o r  Swedish steel  produc- 
t i o n  (p.  500-503) . 
A t  about t h i s  time (1910-1916) t h e  Swedes a l s o  obtained coa l  pro- 
p e r t i e s  a t  Sveagruva (p.  514).  Development of Sveagruva began i n  1919 
(p. 517).  From September 19 through June 30, 1920, Sveagruvamproduced 
27,097 tons  of c o a l  ( p .  520). I n  1920 i t  shipped 38,000 t o n s  of coa l ,  of 
which 34,500 t o n s  w e n t  t o  Swedish r a i l r o a d s  i n  Narvik and Trondheim; t h e  
r e s t  w a s  so ld  o r  used at t he  mine ( p .  520). A small e x p l o r a t i o n  tunnel  
w a s  driven i n  Pyramiden. I n  1921 the Swedish mines reorganized  as Svenska 
S tenko l sak t i ebo lage t  Spetsbergen: (p .  5 2 4 ) .  From J u l y  1, 1923 through 
June  30, 1924, Sveagruva produced 98,260 tons  of coal. (p.  533). The c o a l  
was s h i p p e d  t o  lJarvik r a i l r o a d  and the Swedish r a i l r o a d  i n  Hornmelvik, 
Goteborg, Malmd, Srockholm, and for o the r  u ses  (p.  534). 
On lalay 12, 1925, a f i r e  broke ou t  i n  Sveagruva. F i r e  started i n  a 
locomotive " s t a l l "  located  i n  t h e  main tunnel  40 meters from the  mine 
opening probably when a g a s o l i n e  tank  w a s  i g n i t e d  du r ing  the  c leaning  of 
a gaso l ine  d r i v e n  locomotive (p. 535). Gas moved t o  Sha f t  1 from Shaf t  11 
where t he  f i r e  w a s  and made i t  necessary  t o  c l o s e  bo th  shaf t s .  By Sep- 
tember t h e  f i r e  w a s  ou t  due t o  pumping of water  i n t o  t h e  mine. Then t h e  
~ i n c  i r i s  c losed  t o  prevezt:  a i r  e n t c r i n ~  the mine and s t a r t i n g  the iire 
anew (p .  536). In 1926, due  t o  falling coal  p r i c e s ,  the Swedish govern- 
ment stopped i ts  s u b s i d i e s  f o r  coal  mining i n  Sp i t sbe rgen (p .  540). The 
fire appears  to have been p u t  ou t  without  ex t ens ive  damage t o  t h e  mine, 
b u t  f a l l i n g  c o a l  p r i ces ,  absence of government s u b s i d i e s ,  l e d  t o  l i q u i -  
d n t i o n  of t h e  company (p.  539-641) i n  1926. The Swedish government 
changed i t s  mind in 1 9 2 7  d u e  t o  G r i t i s h  coa l  s t r i k e  of 1926 which c u t  
o f f  c o a l  imports except  f r o m  t h e  U.S. ( p .  540-543). Ilowever, i n  March 
1927, t h e r e  were three  exp los ions  which caused a new £?re i n  t h e  mine 
(p .  5 4 3 ) .  The f ire  was p u t  out by f lood ing  (p .  544). 
I n  1926, Swedish r i g h t s  t o  Pyramid were so ld  yo t h e  Russians (p. 545- 
546). I n  1934, Store Norske Spi t sbergen  Rulkompani purchased Sveagruva 
(p.  548-549). 
The Spi t sbergen  Coal and Trading Company was founded' i n  t h e  United 
Kingdom i n  1904 t o  develop c o a l .  It l a i d  claim i n  1901 t o  Adventf jord 
(p .  555-557). The Sp i t sbe rgen  Coal and Trading Company encountered 
l abo r  d i f f i c u l t i e s  i n  1906 and ceased ope ra t ions  i n  1908 (p .  566).  Advent 
Bay w a s  named a f t e r  Adventure Bay, a B r i t i s h  whaling vesse l  named 
Adventure which stopped i n  I s f j o r d  i n  1656 (p.  571). A Norwegian group 
bought t h e  company's r i g h t s  t o  Advent Bay i n  1915 (p. 572).  A Norwegian 
company founded i n  Bergen, named A / S  De Norske K u l f e l t e r  Sp i t sbe rgen  
(p .  573). Musk oxen were brought  t o  Advent Bay i n  1929, landed a t  a 
p l a c e  which was t h e r e f o r e  named Moskushamn (p. 574). The company produced 
and so ld  8,000 tons  of c o a l  from Advent Bay i n  1920 (p. 577).  The company 
went bankrupt i n  1922,  unab le  t o  ra ise  capital. It had borrowed money 
from t h e  Norwegian government which re fused  f u r t h e r  subsidization (p. 578). 
T h e  area was redeveloped by a new company, Norske K u l f e l t e r  A/S ,  beginning 
jn  1937.  I t  b a s i c a l l y  went o u t  of bus ines s  i n  1940 (p. 5 8 4 ) ,  and the  
conpany l i q u i d a t e d  i n  1953 (p.  584).  Longyear was i n t e r e s t e d  i n  S p i t s -  
bergen  c o a l  f o r  u s e  i n  making i r o n  and s t e e l  from t h e  i r o n  d e p o s i t s  i n  
S d r  Varanger, discovered i n  1901, s i n c e  Andoya c o a l  was unsuitable f o r  
coking (p .  590-593). SXSK bought ou t  Norwegian rights f r o m  t h e  Trond- 
heirn-Spitsbergen Company which had done a l i t t l e  mining i n  Adventf jord 
i n  1903-1904 (p.  593). The A r c t i c  Coal Company claimed land from 
Grdnfjord t o  the west s i d e  of Advcnt.Ejord and three q u a r t e r s  of t h e  way 
south to  Van Mijenfjord (p.  599) ,  and a l s o  land on t h e  south p a r t  of 
Sas sen f jo rd  (P .  599)  i n  1905 (p. 5 9 9 ) .  The Longyear Company had d i f -  
f i c u l t i e s  i n  a s s e r t i n g  its claims a g a i n s t  o t h e r s ,  e s p e c i a l l y  i n  Grdnfjord; 
had labor d i f f i c u l t i e s  with Norwegian l a b o r a r s .  It produced about 30,000 
t o n s  of c o a l  per annum (p. 599-664). In t h e  w in te r  of 1914-1915 Advent- 
fjord mine produced 44,000 t ons  of c o a l  (p .  6 7 3 ) .  Opera t ions  stopped i n  
1916 due t o  wartime r e s t r i c t i o n s  on shipments  of suppl ies  (p .  676-677) .  
N. I I .  Dole, i n  America i n  Spi t sbergen ,  d i s c u s s e s  Longyear. They invested 
about  $1 n i l l i o n  i n  the mine (p.  678).  The Russians were i n t e r e s t e d  in 
buying t h e  mines t o  ob ta in  c o a l  f o r  t he  Murmansk r a i l r o a d ;  t h e  Norwegians 
were interested f o r  coal for Norwegian r a i l r o a d s .  Longyear w a s  anxious 
to s e l l  ( p .  682-684). The Swedes then became i n t e r e s t e d  as coal  p r i c e s  
i nc reased  and t h e  Swedes wanted t o  become independent of Eng l i sh  c o a l  
(p .  689).  The Norwegians purchased t h e  mine, i n  p a r t  because they d i d  not 
want the Swedes o r  the Russians t o  have t h e  mine (p. 689-690). I n  1916 
( p .  690) t h i s  s i t u a t i o n  led t o  t h e  founding of S t o r e  Norske Spi t sbe rgen  
Kulkompani A / S  (p.  690).  A French vessel "~echerche" took the French 
s c i e n t i f i c  expedi t ion  t o  Spi t sbergen  in 1838; Recherchefjord i n  Bel lsund 
w a s  naned later a f t e r  t h i s  vessel  (p .  715) .  
Kings Bay Kul Conpani A / S  was founded i n  1916 by businessmen from 
h a l c s u n d  who had bccn hlackl- isccd by t h e  B r i t i s h  and refused coal  be- 
cause t hey  cont inued  to t r ade  w i t h  Germany. They bought p r o p e r t y  from 
o t h e r  Sorwegians (1,. 7 3 4 - 7 3 5 ) .  111 1916 SLorc Norske Spi t sbergen  Kullcorn- 
pan i  A/S  bought ou t  o ther  Norwegian claimants to coal  land i n  ~ r d n f j o r d  
(p .  757) .  The Norwegians and t h e  English, i n  conflict w i t 1 1  each other, 
mined asbestos in Recherchef jo rd  i n  the ea r ly  1920s (p ,  770-772). The 
asbestos  f i e l d  is s t i l l  owned by A/S Kulspids (p .  773). 
APPENDIX B 
CONSTUINTS ON COAL M I N I N G  
IN THE SOVIET NORTH 
CONSTUINTS ON COAL MINING 
IN THE SOVIET NORTH 
CONTENTS 
1.0 GENERAL 
1.1 Pechora-Vorkuta 
1.2 Nor i l ' sk  
1.3 Lena-Yakutiya 
1 .4 Magadan 
2.0 THE PECHORA COAL BASIN (VORKUTA AND INTA COAL IIINES) 
2.1 Sumary 
2.2 General C h a r a c t e r i s t i c s  
2 . 3  Economic Arguments i n  Favor of Arctic Coal 
2.4 Equipment and llaintenance Problems 
2.5 Coal Mining V s .  Fores t ry  
2.6 Labor Turnover 
2.7 Prcblems of Opening Mines i n  Permafrost  
2.8 B la s t i ng  
2.9 Employment 
2.10 Nine V e n t i l a t i o n  Problems 
2.11 Scientific Research 
2.12 Surface and Mine Water Problems 
90 
Page 
9 3 
9 4 
9 4 
95 
9 5 
9 6 
9 6 
98 
100 
101 
102 
102 
103 
107 
107 
108 
109 
109 
2 . 1 3  Sources 
3.0 NORIL'SK DEPOSIT 
3.1 General 
3.2 The Deposit of Smith  and Hope Elountains (gor  
Schidta i Nadezhdy) 
3 .3  Endogenous F i r e s  
3 . 4  Permab i l i t y  of V e n t i l a t i o n  Shaf t s  
3.5 Sources 
4.0 COAL MINES OF THE LEXh BASIN (YAKITTIA) 
4.1 General  C h a r a c t e r i s t i c s  
4.2 Sangara Deposit 
4 . 3  T h e  Dzhebariki-Khaya Depos i t  
4 - 4  The Soginsk D e p o s i t  ( ~ ~ l f  of Tiksi) 
4.5 Chul'mankansk Deposit 
4.6 Neryungrinsk Surf ace Mine 
4.7 Zyryansk Surface Mine 
4.8 T h e  Kangalassk Surface Mine 
4 . 9  General Comments 
4.10 Sources 
5.0 COAL MINING I N  PERMAFROST IN THE liORTIiEASTEILU USSR 
(PfiGADAN OBLAST ' ) 
5.1 Kadykchansk Mine 
5.2 Anadyr Deposit 
5.3 Coal Gulf Deposit  (Bukhata Ugol'naya) 
5.4 T h e  Thermal Regime and D u s t  Generat ion 
5.5 Mechanical Characteristics of Permafrost, the 
Thermal Regime of Mining Excavations and Dust 
Generation 
5.6 Ice S t r e n g t h  i n  Coal Mines 
5.7 Sources 
This appendix summarizes t h e  informat ion  ob ta ined  f r o m  t h e  search  
of Russizn language literature on coal mining in the Soviet North. 
Three major Siberian c o a l  basins a r e  d iscussed:  Pechora (Vorkuta),  Lena 
(Yakutia) ,  and t h e  Nor i l ' sk .  Addi t iona l  information i s  provided on 
c o a l  mining i n  Magadan. The bas ic  source  u t i l i z e d  for s e c t i o n s  3.0 ,  4 .0 ,  
and 5.0  is  V. K. Kurenchanin, Mining of t h e  Coal  Depos i t s  of t h e  North- 
e a s t e r n  USSR, Moscow, 1971. 
The informat ion  e x t r a c t e d  r e l a t e s  t o  t h e  pe r iod  1955-1970 and is 
organized around A r c t i c  problems encountered i n  d i f f e r e n t ~ c o a l  mines, 
S ibe r i an  coals,  wh i l e  mined t o  a l i m i t e d  deg ree  i n  t h e  e igh teen th  
and n ine t een th  c e n t u r i e s ,  owe t h e i r  modern development t o  the period after 
1931 when t h e  S o v i e t  government began an i n t e n s i v e  program f o r  developing 
t h e  mineral r e s o u r c e s  of S i b e r i a .  The Vorkuta c o a l s  were developed t o  
provide needed energy and m e t a l l u r g i c a l  grade  coals f o r  the nor the rn  p a r t  
of European Russia, a r e g i o n  deficient i n  energy r e s o u r c e s .  The domestic 
a l t e r n a t i v e  t o  the Vorkuta c o a l s  w a s  and is  t h e  deep  c o a l  seams of t h e  
Donbas i n  t h e  Ukraine. The Donbas w a s  l o s t  t o  t h e  Germans during World 
Flar TI, and since tha t  t i m e  has  been o r i e n t e d  toward supplying t h e  needs 
of t h e  Ukraine 's  heavy iron and s teel  i n d u s t r i e s .  The Vorkuta area, thus, 
provides a much needed alternative energy resource .  
The N o r i l ' s k  c o a l  was developed b a s i c a l l y  t o  p rov ide  f o r  t h e  needs 
of t h e  ~ o r i l ' s k  n i c k e l  mines and m e t a l l u r g i c a l  p l a n t s .  C o a l  mining t h e r e  
appears t o  have become less s i g n i f i c a n t  i n  r e c e n t  y e a r s  due t o  t h e  a v a i l -  
a b i l i t y  of l o c a l  s u p p l i e s  of n a t u r a l  gas .  
The c o a l s  of t h e  Lena and Magadan reg ion  have h i s t o r i c a l l y  been 
used a s  a loca l  energy r e source .  I n  t h e  f u t u r e ,  however, t h e y  may be  
exp lo i t ed  as a r e sou rce  f o r  the i n d u s t r i a l i z a t i o n  of e a s t e r n  S i b e r i a  
and perhaps the  Sovie t  Far East. 
A major change i n  Soviet p o l i c y  toward S i b e r i a  occurred  i n  t h e  late 
1950s and early 1960s with the implementation of a long range program 
of l a r g e  s c a l e  investment i n  energy and minera l  r e s o u r c e  development. 
T h i s  program led to changes i n  coal mining technology and an,increase i n  
inves tments  i n  S i b e r i a n  c o a l .  The l i t e r a t u r e  r e f l e c t s  this with substan-  
t i a l  i n c r e a s e s  i n  investment, marked improvements i n  workers  s a l a r i e s  
and fringe b e n e f i t s ,  and s i g n i f j c a n t  changes i n  coal mining equipment and 
r e s e a r c h  beginning i n  the e a r l y  t o  mid 1960s. 
I .  1 Pechora-Vorkuta 
The Vorkuta b a s i n  (about  6g0N, 65OE) is located in a wet, Arctic 
climatic zone near  t h e  n o r t h e r n  edge of t h e  Ural mountains.  Coal i s  
sh ipped  long d i s t a n c e s  over land  t o  markets i n  no r the rn  European Russ ia .  
The phys ica l  environment i s  cha rac t e r i zed  by wet, i c e  r i c h ,  f r a c t u r e d  
permafros t ,  which has c r e a t e d  d ra inage  and mine opening d i f f i c u l t i e s .  
Cur ren t  mines a r e  below the  permafros t  and produce some 20,000,000 t o n s  
per  year. 
1.2 Nor i l ' sk  
The Nor i l ' sk  basin (about  6 9 O ~ ,  8g0E) is  located near the mouth of 
t he  Yenisey River. The r e g i o n  h a s  a co ld ,  a r c t i c  c l ima te .  The permafros t  
l iere  i s  co ld  and t h e  mines have s u f f e r e d  from a h i s t o r y  of underground 
f i r e s  caused by spontaneous i g n i t i o n .  Evidently,  mining opera t ions  
caused an inc rease  i n  rock temperatures which, when coupled w i t h  inproper 
v e n t i l a t i o n ,  l e d  t o  osidation of t h e  coals ,  and i n  time t o  the genera t ion  
of s u f f i c i e n t  heat  t o  cause spontaneous i g n i t i o n .  
1 .3 Lena-Yaku t iya  
The Lena basin, centered more ar less around the  se t t l ement  of 
Yakutsk (about 61°N, 1 3 0 ° ~ ) ,  l i e s  i n  a zone wi th  a very severe c o n t i n e n t a l  
c l imate .  Winter temperatures are extremely low, while summer temperatures 
a r e  quite high. The temperature range is  somewhat g rea te r  than t h a t  i n  
. 
i n t e r i o r  Alaska, while t h e  permafrost  i s  considerably c i l d e r  . The l i t e ra -  
t u r e  surveyed suggests  tha t  maintenance of normal rock temperatures is 
b e n e f i c i a l  t o  mining. One critical problem, as yet unsolved i n  these  
mines, i s  t h a t  of suppressing c o a l  d u s t  dur ing  t h e  winter per iod when c o a l  
dus t  genera t ion  i s  much g r e a t e r  than i n  t h e  summer. 
1.4 Nagadan 
While t h e r e  is  l e s s  information d i r e c t l y  on the coa l  mines i n  the 
Magadan area ( t h e  a r e a  nor th  of ~ o ' N ,  150°~), the  l i t e r a t u r e  surveyed con- 
t a i n s  a v a r i e t y  of recommendations f o r  c o a l  mining. These revolve  around 
mainta in ing e x i s t i n g  thermal p r o p e r t i e s ,  modifying mine s a f e t y  r e g u l a t i o n s  
f o r  A r c t i c  condit ions,  and developing s p e c i a l  design requirements for 
A r c t i c  c o a l  mining, p a r t i c u l a r l y  concerning p i l l a r  sizes, v e n t i l a t i o n  and 
d u s t  suppression.  
Northwestern Alaska is  not  f r o m  a geographic point  of view truly 
compatible with any of these  a reas .  The permafrost is s i m i l a r  t o  that i n  
the  Lena Basin, but t h e  c l imate  more c l o s e l y  approximates t h a t  of t h e  
Vorkuta area. Whether o r  no t  underground c o a l  mining i n  northwestern 
Alaska would encounter  the underground mine f i r e  problem of t h e  N o r i l ' s k  
arca is unknown, 
The Sov ie t  system of c o s t i n g  and of p r e s e n t i n g  productivity d a t a  
i s  quite d i f f e r e n t  from t h a t  used i n  the United S t a t e s .  For t h i s  reason ,  
d i r e c t  comparisons should be made w i t h  c a u t i o n .  The f a c t  i s  t h a t  the 
government of t h e  USSR has made a s u b s t a n t i a l  investment i n  S i b e r i a n  coal 
mining, an investment  t h a t  has inc reased  s u b s t a n t i a l l y  du r ing  the l a s t  
decade. 
2.0 THE PECHORA COAL BASIN (VORKLTTA AND INTA COAL MINEG) 
2.1 Summary 
T h i s  chap te r  summarizes thc  most s i g n i f i c a n t  in format ion  on the phy- 
sical c o n s t r a i n t s  on A r c t i c  c o a l  mining obta ined  from t h e  l i t e r a t u r e  r e -  
gard ing  t h e  Pechora Coal Basin. 
Sov ie t  experience i n  t h i s  mar i t ime A r c t i c  r eg ion  loca ted  a t  the same 
l a t i t u d e  as Fai rbanks ,  Alaska, and c h a r a c t e r i z e d  by d iscont inuous  perma- 
f r o s t  shows t h a t  there are  d e f i n i t e  t r ade -o f f s  involved i n  developing 
c o a l  mines. These p a r t i c u l a r l y  a r e  found i n  t h e  r e l a t i o n s h i p s  among mine 
v e n t i l a t i o n ,  c o a l  gas  and dust con ten t ,  w a t e r  i n f low and permafrost .  
1 n a d e q u a t e . a t t e n t i o n  t o  t h i s  i n t e r - r e l a t i o n s h i p  under s%rnilar c o n d i t i o n s  
could r e s u l t  iil costly de lay% i n  opening a new mine, long-term d z t e r i o r a -  
t i o n  of permanent s h a f t s ,  and d i f f i c u l t i e s  w i th  sudden in f l cws  of water .  
The thermal changes occurring i n  an underground coa l  mine i n  perma- 
f r o s t  are a  f u n c t i o n  of t h e  (1) v e l o c i t y  and volume of hea t  e n t e r i n g  t h e  
mine through v e n t i l a t i o n ,  (2 )  that e n t e r i n g  t h e  mine and the  surrounding 
rock from i n f low of ground water, and (3 )  h e a t  f r o m  chemical  ox ida t ion  
of t h e  rock and t h e  c o a l .  The excavat ion of mine openings can  g r e a t l y  
i nc rease  the  i n t r o d u c t i o n  of heat  from a l l  t h r e e  of these  sources. 
F i r s t  t h e r e  is  a b r i e f  d e s c r i p t i o n  of the Pechora bas in .  This  is  
followed by the S o v i e t  economic argument t h a t  Pechora c o a l  i s  cost com- 
p e t i t i v e  i n  n o r t h e r n  European Russia w i th  a l t e r n a t i v e  sou rces  of domest ic  
coa l .  A d i s c u s s i o n  of equipment problems shows t h a t  A r c t i c  cond i t i ons  
reduce  t h e  s e r v i c e  l i f e  of mining equipment by 50%. The fo l lowing  s e c t i o n s  
mention l a b o r  t u rnove r ,  which appears t o  b e  high b u t  n o t  excess ive ,  and 
d i s c u s s  some major  problems i n  opening new s h a f t s  i n  the495Os.  Thawing 
0 
can occur v e r y  q u i c k l y  i n  new mine openings and a c t u a l l y  prevent: t h e i r  
completion. The answer adopted by t h e  Russians was t o  v e n t i l a t e  and coo l  
t h e  area e x t e r n a l  t o  t h e  e n t r i e s .  
The next  s e c t i o n  i n d i c a t e s  that b l a s t i n g  under  the c o n d i t i o n s  of the 
Pechora b a s i n  can i n c r e a s e  t h e  r a t e  of water  i n f low i n t o  t h e  mines by 
f r a c t u r i n g  t h e  r o o f .  Then fo l lows  some employment d a t a .  These d a t a  are 
probably more a  r e f l e c t i o n  of Sovie t  p r a c t i c e s  than they  are of t h e  in-  
f l uence  of t h e  Arctic on l a b o r  requirements.  
The f i n a l  s e c t i o n  focuses  on mine v e n t i l a t i o n  problems which are re -  
l a t e d  t o  gas, d u s t ,  and permafrost  degrada t ion .  The Russians main ta in  
a l a r g e  s c i e n t i f i c  r e s e a r c h  s t a f f  i n  Pechora and have faced some s e r i o u s  
water  c o n t r o l  problems i n  t h e  Pechora Mines. These problems involve  the  
i n t e r - r e l a t i o n s h i p  between underground mining and t h e - n a t u r a l  ground water  
systems, a f a c t o r  which could a p p l y  t o  t hose  p a r t s  of a r c t i c  Alaska with 
i c e  rich permafrost .  
2.2 General C h a r a c t e r i s t i c s  
The Pechora c o a l  basin l ies  a t  the  northern extremity of t h e  Ural 
Mountains i n  t h e  Komi ASSR of t h e  USSR. It is p a r t  of t he  northwestern 
USSR and l i e s  between 67010t and 6S030' North l a t i t u d e  and 63O20' and 
65O East longitude. Topographically, the  a r e a  c o n s i s t s  of a plateau 
with  maximum e leva t ions  of 100-260 m above sea level, c u t  by broad l a k e  
and bog studded river v a l l e y s .  Geological ly,  the area c o n s i s t s  of a 
fo lded  sedimentary bas in  of Permian age over la in  by Quar ternary  glacio-  
f l u v i a l  depos i t s  and recen t  alluvium, Permafrost v a r i e s  from 45 t o  132 rn 
i n  th ickness  and has an average temperature s l i g h t l y  belpw f r eez ing .  
The permafrost has a l a r g e  i c e  content ,  many unfrozen a r e a s ,  and a large 
number of cracks o r  fissures through which water p e n e t r a t e s  from t h e  sur- 
f ace.  
The region has a mari t ime A r c t i c  c l imate ,  wi th  a mean annual  tempera- 
t u r e  of -5.7OC, a mean high temperature of +11.4'~ (July) and a mean low 
of -19% (January). June through September is  charac te r i zed  by above 
f reez ing  temperatures, whi le  t h e  remainder of the  yea r  i s  below f reezing.  
Mean annual p r e c i p i t a t i o n  is 620 mrn, of which 61% occurs  as snowfall .  
The snow cover forms i n  the first part of December and m e l t s  i n  the begin- 
ning of June, with a maximum snow depth of 65 t o  100 cm occurring i n  
March and Apri l .  B l i z z a r d s  a r e  very frequent  dur ing  t h e  win te r ,  with wind 
occurr ing  84% of a l l  days dur ing t h e  year. The mean winter wind is  from 
the  southwest and the average summer wind i s  from t h e  nor theas t .  Maximum 
win te r  wind sppeds reach 40 m/sec (approximately 80 m i l e s  pe r  hour).  I. 
The Pechora coal bas in  produces approximately 20,000,000 tons  of 
c o a l  p e r  y e a r  from underground mines,  most of which a r e  below t h e  perma- 
f r o s t .  The basin  w a s  f i rst  developed i n  t h e  e a r l y  1930s, w i t h  produc- 
t i o n  increasing d u r i n g  World \Jar 11, and a major program of c a p i t a l  in-  
vestment beginning i n  t h e  late 1960s. There are two primary basins: 
Vorkuta,  con ta in ing  the  p r i n c i p a l  s e t t l e m e n t ,  and I n t a .  Vorkuta produces 
h igh  grade  coking c o a l  used t o  produce w h a t  is  supposed t o  be the  bes t  
p i g  i r o n  in t h e  USSR a t  t h e  Cherepovets steel mill.. I n t a  produces energy 
coals used i n  t h e  no r the rn  p a r t  of t h e  European USSR. 
The European po r t ion  of the  USSR is d e f i c i e n t  i n  c o a l ,  having  only  
one major c o a l  d i s t r i c t ,  t h e  Donets,  i n  the Ukraine. The-northwestern 
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p o r t i o n  of t h e  USSR is  a n  energy d e f i c i e n t  r eg ion ,  and t h e  Pechora basin, 
tied t o  t h e  Northwestern USSR by t h e  2,000 km long Vorkuta-Kotlas R a i l -  
road ,  is  viewed as a major s u p p l i e r  of energy and m e t a l l u r g i c a l  c o a l s .  
The u s e  of Pechora c o a l s  w i l l  i n c r e a s e  i n  t h e  fu tu re .  2 
T h i s  energy d e f i c i e n c y  w a s  t h e  basis f a r  a significant increase in 
inves tments  i n  t h e  Pechora Coal Basin. The u s e  of modern mechanized 
mining systems began i n  1967. I n  t h e  l a t e  1960s, mines were c o n s o l i d a t e d ,  
t h e  number of working faces reduced, new mines brought i n t o  o p e r a t i o n ,  
and other measures c a r r i e d  ou t  t o  bo th  i n c r e a s e  t o t a l  p roduc t ion  and labor  
p r o d u c t i v i t y .  A s  of 1 January 1968, t h e  c o a l  r e s e r v e s  were e s t ima ted  a t  
214 b i l l i o n  tons. The coking coals have less than  1% s u l f u r ,  a n  a s h  
c o n t e n t  of 16-17%, almost complete absence  of phosphorus, and good c o k i n g  
q u a l i t i e s  and hardness .  The average  seam th i ckness  i s  2-3 me te r s ,  and 
t h e  beds a r e  r e l a t i v e l y  f l a t  l y i n g ,  most a t  a d i p  of l e s s  t h a n  45 degrees .  
New mines are being developed t o  d e p t h s  of 400 m. 3 
As a developed c o a l  basin undergoing major t echno log ica l  changes, 
t h e  Pechora Basin has experienced many d i f f i c u l t i e s  a s s o c i a t e d  with t h e  
north:  h igh  precipitation, d i s c o n t i r l u o u s  permafros t ,  and excess ive  
s u r f a c e  and underground dra inage  problems. I n  a d d i t i o n ,  the c o a l  mining 
organizations have had t o  present  arguments j u s t i f y i n g  t h e  high c o s t s  
of o p e r a t i o n  i n  t h e  Arctic. 
2 . 3  Economic Arguments i n  Favor of A r c t i c  Coal 
The arguments,  i n  addition t o  t h e  s imple  fac t  tha t  c.orthern European 
~ u s s i a  i s  d e f i c i e n t  i n  c o a l ,  rest on comparisons w i t h  t h e  o the r  major 
b a s i n  of European Russia ,  t h e  Donets i n  t h e  Ukraine. Heke the Pechora 
Basin is viewed as be ing  more favorable g e o l o g i c a l l y  and having coking 
coal  of h ighe r  q u a l i t y ,  l e ad ing  i o  lower real extraction c o s t s  and 
h ighe r  net benef i t s .  The fol lowing t a b l e  compares the two basins. 4 
Donet s Pechora 
Average Seam Thickness (meters) 1.04 1.79 
Average Thickness  of Seams 
Worked (meters)  
Depth of Mines (meters) 453 409 
Loading pe r  f a c e  (tons124 h r s )  295 553 
Loading pe r  s h a f t  (tons124 h r s )  1,380 2,631 
P r o d u c t i v i t y  (tons/month/miner) 36 .9  54.8 
The actual cost, however, of Pechora coal  (excluding t r a n s p o r t a t i o n )  
has  been 10 t o  12X h ighe r  than t h a t  of Donets c o a l ,  b u t  t h i s  i n  large 
p a r t  i s  explained by t h e  f a c t  t h a t  t h e  Pechora c o a l  mines bear cos t s  
which i n  the  Ukraine a r e  nol: charged a g a i n s t  t h e  n i n e s .  These inc lude  
t h e  c o s t s  of s o c i a l  and c u l t u r a l  overhead, f i r e  p r o t e c t i o n  f o r  settle- 
ments ,  o p e r a t i o n  of s u r f a c e  r a i l r o a d s ,  some c o s t s  f o r  road maintenance. 
Were these c o s t s  t o  be removed, then ,  so t h e  argument runs ,  Pechora 
c o a l  would a c t u a l l y  be l e s s  expensive a t  the  mine t h a n  Donets coa l .  5 
Underground c o a l  mining i s  a l abo r  i n t e n s i v e  ope ra t ion .  Labor c o s t s  
account f o r  59.6% of t o t a l  mining c o s t s  i n  t h e  Pechara Basin, which i s  
somewhat h ighe r  than t h e  n a t i o n a l  average f o r  c o a l  mines i n  t h e  USSR 
(53.2%). I n  a d d i t i o n ,  Pechora wage r a t e s ,  w i t h  t h e  special bonuses f o r  
working i n  the A r c t i c ,  are 1.5 t o  3 times h i g h e r  than t h ~  n a t i o n a l  average. 
However, mechanizat ion has l e d  t o  a r educ t ion  i n  t h e  t o t a l  amount of l a b o r  
requi red  by 36.5% d u r i n g  t h e  l as t  decade. From 1960, c o a l  product ion 
increased  by 20%, bu t  t h e  t o t a l  number of employees decreased by 5.4%. 
The high cost  of l a b o r  i n  t h e  A r c t i c  is compensated by g r e a t e r  p roduc t iv i ty ,  
w i th  t h e  Pechora Bas in  having l abo r  p r o d u c t i v i t y  r a t e s  45 t o  50% higher  
t han  those  of t h e  Donets. More than half of t h e  c o a l  mined i n  t h e  Pechora 
Basin i s  produced a t  a lower c o s t  than i n  t h e  Donets Basin. 6 
2.4 Equipment and Maintenance Problems 
The s e v e r e  c l i m a t e ,  and the f a i l u r e  t o  d e s i g n  equipment s p e c i f i c a l l y  
f o r  A r c t i c  c o n d t t i o n s ,  h a s  resulted i n  an equipment service l i f e  signlfi- 
cantly s h o r t e r  than  normal. On the average  i n  t h e  coal i n d u s t r y  of t h e  
USSR, equipment has a l i f e  s e r v i c e  span of 6 . 6 2  y e a r s ,  b u t  i n  t h e  Pechora 
Basin t h e  average  is 5.23 yea r s .  Equipment used by t h e  Vorkutaugol' 
combine, t h e  o r g a n i z a t i o n  ope ra t ing  t h e  Vorkuta Basin c o a l  mines, has a 
l i f e  of only 4 . 8 3  yea r s .  Some equipment wears o u t  so qu ick ly  t h a t  i ts  
u t t l i z a t i o n  r a t e  i s  only 30 t o  40% of normal. The basin has three  
l a r g e  r e p a i r  shops capable  of performing major overhauls .  The c o s t ,  how- 
ever, i s  50% o r  more of t h e  c o s t  of new equipment, w h i l e  t h e  p r o d u c t i v i t y  
of  t h e  r epa i r ed  equipment i s  Lower  and i t s  o p e r a t i o n a l  c o s t s  a re  s i e n i f i c a . i ~ l y  
h igher .  
The Pechora basin l ies  i n  t h e  K o m i  ASSR which has  a popu la t ion  of 
approximately one m i l l i o n  people.  The coal  mine o i g a n i z a t i o n s  s t r i v e  t o  
utilize l o c a l  r e sou rces  t o  supply h m e d i a t e  needs, such  as wood and 
m e t a l  mine p rops ,  cer tain types of spare par t s ,  e t c .  The Komi ASSR is 
r i c h l y  endowed wi th  petroleum, natural gas, sal.t, titanium and b a u x i t e  
ores, so t h a t  t h e  p o s s i b i l i t y  e x i s t s  f o r  the  development of p r i m a r y  manu- 
f a c t u r i n g ,  p a r t i c u l a r l y  of chemicals .  8 
2.5 Coal Miding V s .  F o r e s t r y  
The mining of c o a l  i s  viewed as a more product ive  use  of land than  
f o r e s t r y .  On t h e  ave rage  i n  this region, one hectare of f o r e s t e d  area 
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produces 400 tons of t imber  (apparently p e r  crop) ,  whereas mining a seam 
on ly  one meter t h i c k  over the same hectare will produce 14-16,000 t ons  
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of coa l .  
2.6 Labor Turnover 
Labor turnover  i n  the Vorkuta and Inta coal mines dropped from 33-352 
i n  1964 t o  20-25% i n  1970, making i t  lower than t h e  average f o r  t h e  c o a l  
f n d u s t r y  of t h e  RSFSR. I n  the  Komi ASSR as a whole, however, i t  appea r s  
t h a t  t h e r e  is  a net out-migration of l a b o r ,  and that many c r i t i c a l  
s p e c i a l t i e s  can on ly  be f i l l e d  by import ing l abo r  f r o m  o t h e r  r eg ions .  
The rate of n a t u r a l  popu la t ion  increase dropped from 24.5 p e r  1,000 i n  
1966 t o  10.5 i n  1970. Whether o r  n o t  t h i s  suggests  l a b o r  supp ly  d i f f i -  
c u l t i e s  i n  t h e  c o a l  mines is  not  e v i d e n t ,  s i n c e  only 16% of t h e  t o t a l  
p o p u l a t i o n  of the Pechora b a s i n  is employed i n  t h e  mines. 10 
2.7 Problems of Opening Mines i n  Permafros t  
The fo l lowing  s e c t i o n  is  taken  from a n  a r t i c l e  publ ished i n  1958 
which d e s c r i b e s  problems encountered under Arctic condi t ions .  11 
The basic  d i f f i c u l t i e s  involved i n  mining i n  permafrost  Xn t h e  Pechora  
basin are those r e l a t e d  t o  thawing of t h e  d iscont inuous  permafros t  which 
has a tempera ture  c l o s e  t o  f r e e z i n g .  I n  a d d i t i o n ,  r o o f s  have a tendency 
t o  come down slowly un le s s  s p e c i a l  measures a r e  taken to 'promote roof  
co l l apse ,  important  i n  long w a l l  mining. 
The development and maintenance of permafros t  underground works is 
hindered by the thawing of permafrost ,  which, i n t e r  a l i a ,  i s  caused by 
--
the h igh  r a t e s  of i n f i l t r a t i o n  of underground waters .  The excavations 
i n c r e a s e  water  f low and thereby i n c r e a s e  the amount of heat brought  i n t o  
the mines, causing thawing i n  t h e  permanent openings. 
Thawing of t h e  permafrost causes  s e t t l i n g  under s u r f a c e  s t r u c t u r e s  
and deformation of the  main s h a f t s  and surface works. The answer t o  
this problem i s  t h e  u t i l i z a t i o n  of s p e c i a l  techniques t o  i s o l a t e  t h e  
excava t ions  and s u r f a c e  works from t h e  permafrost .  This is  made d i f f i c u l t  
by the f ac t  t h a t  t h e  r e g u l a t i o n s  governing c o a l  and o i l  s h a l e  mines, 
i s sued  by t h e  P l i n i s t ry  of Coal i n d u s t r y ,  do n o t  con ta in  special r e g u l a t i o n s  
r ega rd ing  mining i n  permafrost.  The planning o rgan iza t ion  b a s i c a l l y  re- 
s p o n s i b l e  f o r  planning development i n  t h e  Pechora Basin, Lengiproshaliht,  
ha s  n o t  taken  t h e  s p e c i a l  c o n d i t i o n s  of permafrost  and hydrology charac-  
teristic of the Pechora Basin into c o n s i d e r a t i o n  i n  des igning  mines. 
The r e s u l t  has been i n  some cases  t h e  c r e a t i o n  o f  dangerous c o n d i t i o n s  
in t h e  mines. 
A p a r t i c u l a r  problem was encountered i n  sinking new shafts. In one 
case ,  p re l imina ry  bo r ings  ind ica t ed  t h e  e x i s t e n c e  of f rozen  sands c u t  
by a water bearing hor izon  7 t o  8 meters t h i c k .  The technique adopted 
assumed that water  would be a problem on ly  i n  t h a t  bor izon .  However, t h e  
water  e n t e r e d  the s h a f t  and quick ly  thawed t h e  f r o z e n  sands, r e s u l t i n g  
i n  considerable c o l l a p s e ,  and t h e  size of the water bearing s t r a tum rapidly 
i nc reased  due t o  thawing from 7 to 20 meters. Pumping the  water caused 
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s e t t l i n g  i n  the sands  which in t u r n  caused s u p p o r t s  t o  f a i l .  Work cou ld  
no t  be renewed u n t i l  t h e  sediments were f rozen by a r t i f i c i a l  means. This 
r e q u i r e d  a c o n s t r u c t i o n  delay of two y e a r s  and a c o s t  increase of more 
t han  six m i l l i o n  r u b l e s  i n  Mine No. 25. 
I n  ano the r  shaft s i m i l a r  problems were encountered.  Quarternary 
sands, clays and ground moraine had a t empera tu re  of -0.3'~ at a d e p t h  of 
25 meters, and a n  active l a y e r  about lo-l4meters t h i c k .  The normal methods 
of shaf t  s i n k i n g  were employed, wi th  work o c c u r r i n g  i n  t h e  summer, r e s u l t i n g  
i n  rapid thawing of the c l a y s ,  The temporary wooden props were deformed 
by t h e  inc reased  pressure, w h i l e  a large depression formed on the surface 
due t o  c o l l a p s e  of the c l ays .  The surface waters rapidly drained i n t o  
the d e p r e s s i o n  caus ing  an even g r e a t e r  rate of thawing of the  permafros t .  
The solution t o  t h i s  problem w a s  t o  drill s p e c i a l  cool ing  and venti- 
lation holes  by means of which the s h a f t  w a s  frozen from December to Play. 
C u r i n g  t h i s  per iod  temperature measurements were made. During two and a 
half months, the fo l lowing  r e su l t s  were observed: 
Dis t ance  from t h e  Wall Rock Temperature 
0.5 m -9.3Oc 
1.0 m -2.2Oc 
1.5 m -0.2Oc 
Temperature measurements w i t h i n  t h e  s h a f t  d u r i n g  t h e  middle of 
January showed t h a t  w i t h  a s u r f a c e  temperature of approximately - 1 2 . 5 O ~ ,  
t h e  temperature 70 meters  down t h e  shaft was -6.3 ta -6.9'~. 
Other mines a l s o  u t i l i z e d  cool ing  t o  freeze t h e  Quar te rnary  sediments. 
Here i s  w a s  found t h a t  reducing  temperature t o  -5 t o  - 7 ' ~  s h a r p l y  reduced 
t h e  v i s c o s i t y  of t h e  c l a y s ,  which i n  turn cons ide rab ly  im$roved t h e  rate 
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of excavating. The g r e a t e s t  difficulties i n  t unne l ing  occurred  w i t h  
gravels and sandy gravels,  p a r t i c u l a r l y  f rozen  ones. The d i f f i c u l t i e s  
increased  w i t h  i n c r e a s e  i n  ice content .  The relationship i s  as follows: 
M a t e r i a l  
Thawed loams 
Frozen loam 
Work Expended 
1 
1.8 
Large g ra ined  sands 2.5 - 3 . 2  
Sandy gravels 
Heavy gravels (temp. -1.5'~) 
D i f f i c u l t i e s  are e s p e c i a l l y  encountered i n  d r i l l i n g  ope ra t ions .  
Mechanical d r i l l i n g  l o s e s  e f f e c t i v e n e s s  i n  permafrost, so t h a t  h e a t  i s  
often u t i l i z e d .  I n  v f e w  of t h e s e  d i f f i c u l t i e s ,  experiments  were conducted 
t o  thaw permafrost by e l e c t r o d e s ,  which were a b l e  t o  thaw 10-20 cm of 
ground i n  2% hours. Another experiment was t h e  use of bore holes i n t o  
which water was  poured and heated t o  t h e  b o i l i n g  p o i n t ,  The heating element 
was removed and excavat ion  commenced when t h e  thaw bowl reached a d ia -  
meter of 2.5 - 3 . 0  meters .  
A t  t h e  p re sen t  t ime, the g r e a t e s t  danger i n  t h e  openings of mines 
i n  t h e  Pechora Basin i s  thawing outward from t h e  mine openings,  which 
r e s u l t s  i n  f looding.  The thawing r a t e  is a f u n c t i o n  of sha f t  v e n t i l a t i o n .  
A s  thawing cont inues  over time, w i t h  a n  ever  expanding thaw bowl, increased  
water  no t  only e n t e r s  t h e  mine b u t  also p e n e t r a t e s L i n t o  t h e  c p a l .  A s  a 
consequence t h e  c o a l  f r e e z e s  when i t  reaches  t h e  s u r f a c e ,  which compli- 
cates s u r f a c e  work du r ing  t h e  w i n t e r  months. 
8 
Deformation of v e r t i c a l  s h a f t s  d e s t r o y s  the  concret,e suppor t s .  
Bulges form a t  c e r t a i n  depths .  Horizontal  openings have even g r e a t e r  
problems due t o  the heat exchange caused by c i r c u l a t i n g  ground water ,  
hea ted  v e n t i l a t i o n  a i r ,  and the underground network of s team pipes .  The 
r e s u l t  of thawing i s  a s i g n i f i c a n t  i n c r e a s e  i n  rock  p r e s s u r e  which causes 
roof  c o l l a p s e  and prop f a i l u r e .  A t  t h e  p re sen t  t ime  (19581, approximately 
h a l f  of t h e  active s h a f t s  i n  t h e  Pechora b a s i n  s u f f e r  from deformation.  
The answer t o  t h i s  problem is t o  ma in t a in  t h e  rock t empera ture  t o  prevent  
thawing and t o  c o n t r o l  t h e  s u r f a c e  and ground water. 
Shaf t  27 w a s  designed w i t h  i n c l i n e d  d r i l l  h o l e s  t o  i n t r o d u c e  co ld  a i r  
a long t h e  s i d e s  of t h e  s h a f t  and remove hea t ,  p a r t i c u l a r l y  t h e  h e a t  pene- 
t r a t i n g  t h e  s h a f t  w a 3 . l ~  from the hea ted  v e n t i l a t i o n  a i r .  I n  t h i s  f a sh ion  
t h e  rock  around t h e  sha f t  i s  cooled i n  winter, and then t h e  holes are 
blocked i n  summer t o  p reven t  i n c u r s i o n  of warm summer a i r .  I n  a d d i t i o n ,  
i n  those p l aces  where compaction due t o  water l o s s  occu r s ,  cement g r o u t  
is introduced i n t o  ilhe r o c k s  t o  ma in t a in  t h e i r  p rev ious  volume. T L i s  
system was e f f e c t i v e  i n  some a r e a s ,  b u t  proved l e s s  v a l u a b l e  i n  water  
b e a r i n g  hor izons .  11 
Permafros t  i n t roduces  ano the r  problem u n r e l a t e d  t o  thawing. Because 
of t h e  i n h e r e n t  s t a b i l i t y  of t h e  f rozen  m a t e r i a l ,  t h e  roof beh ind  a n  
advancing o r  r e t r e a t i n g  longwall  o p e r a t i o n  does not cave p rope r ly .  1 4  
2.8 B l a s t i n g  
I n  the Pechora area, the  permafrost is fractured and cut by v e r t i c a l l y  
o r i e n t e d  thawed zones through which water e n t e r s  t h e  mines. Blasting 
has  the  effect of i nc reas ing  the fractures and thus  the  in f low of water  
and consequent  i n c r e a s e  i n  heat. The result of b l a s t i n g ,  t h e r e f o r e ,  i s  
13 t o  increase t h e  amount of thawing over  t ime. # 
2 .9  Employment 
No  d i r e c t  data r ega rd ing  employment f i g u r e s  were obta ined .  One 
article, however, d e s c r i b e s  the  r e c o n s t r u c t i o n  of Mine No. 1 i n  the I n t a  
area. Mine Number 1 began i n  1941 as a development mine producing 100,000 
tons of c o a l  pe r  year .  Capacity i nc reased  to 300,000 t ons  per  year i n  
1946. Between 1959 and 1963 the mine w a s  r e b u i l t ,  and by 1969 c a p a c i t y  
reached 910,000 t o n s  p e r  year. The improvements included r e p l a c i n g  
underground e l e c t r i c  l oconu t ives  f o r  coal haulage with  a conveyor systenr. 
Between 1967 and 1970, t h e  number of workers employed on t h e  faces dropped 
from 361 to 200, while p r o d u c t i v i t y  i nc reased  from 160.3 t o n s  p e r  man 
month t o  359.3 tons  per  man month. I n  1970, t h e  number of  workers involved  
i n  underground coal t r a n s p o r t a t i o n  w a s  126 ,  w i t h  another 144 working on 
roof support (pe rek rep len iye ) ,  Total employment i n  t h e  mine equa l l ed  
1,394 people. 13 
2.10 Mine V e n t i l a t i o n  Problems 
The i n t r o d u c t i o n  of ex te rna l  a i r  can cause a n e t  inf low of heat  i n t o  
the  mines which i n  turn can cause Long-term thawing and deformat ion  of 
permanent works. I n  a d d i t i o n ,  however, t h e  air can cause ox ida t ion  i n  
both t h e  coa l  and the  sur round ing  rock. I n  t h e  Pechora bas in ,  oxidation 
results i n  c o a l  sometimes having a s i g n i f i c a n t l y  h ighe r  temperature than 
t h e  sur rounding  rock. 1 2  
Most (if n o t  a l l )  of the a c t i v e  c o a l  mines i n  t h e  Pechora Basin ex- 
p l o i t  seams from 500 t o  700 m underground. The dep th  of the working f a c e s  
i nc reased  from a n  average of 208 rn in 1958 to 500 m in 19'59. The methane 
3 con ten t  i n  t h e  Vorkuta c o a l s  reached 50 m p e r  ton.  The Inta c o a l  s e a m s  
have a lower g a s  con ten t ,  from 1 . t o  8 m3 p e r  ton .  The Inta seams being 
worked are a t  depths  of 160 t o  300 m ( t h e  upper seam) and 630 t o  800 m 
(lower seam). The mine i s  considered dangerous because of d u s t ,  and the  
deeper  mines have problems wi th  rock  and c o a l  b u r s t s ,  and some of t h e  Vorkuta 
c o a l s  are subject t o  spontaneous i g n i t i o n  underground. I n  a d d i t i o n ,  t h e  
r o o f s  a r e  d i f f i c u l t  t o  co l l apse ,  a n  impor tan t  f a c t o r  i n  long w a l l  mining. 14 
There i s  a n  obvious d i f f i c u l t y  h e r e  i n  de te rmining  t h e  proper  trade- 
offs between the v e l o c i t y  of a i r  neces sa ry  f o r  gas c o n t r o l  and the c o n t r i -  
b u t i o n  of ventilation a i r  t o  t h e  generation and spread  of c o a l  d u s t ,  
rhawing, and o x i d a t i o n  of t h e  coa l .  K i t h  some c o a l s ,  ox ida t ion  can cause  
i n c r e a s e s  i n  tempera ture  s u f f i c i e n t  t o  c r e a t e  underground mine f i r e s  through 
spontaneous i g n i t i o n .  15 
To f u r t h e r  complicate  t h e  m a t t e r ,  i t  appea r s  t h a t  p o l i c y  requires t he  
heating of incoming v e n t i l a t i o n  air s o  as t o  maintain mine a i r  t empera tures  
of p l u s  Z°C, This p r a c t i c e  should p reven t  f r e e z i n g  of water  i n  t h e  shafts, 
a d i s t i n c t  advantage,  b u t  a t  the c o s t  of f u r t h e r  increasing the amount of 
hea t  exchange and i t s  a t t e n d a n t  problems. 16 
2.11 Scientific Research 
The l i t e r a t u r e  s e a r c h  i n d i c a t e s  t h a t  t h e  Pechora coal  mines o b t a i n  
r e sea rch  suppor t  from many o rgan iza t ions  i n  the USSR, i nc lud ing  s p e c i f i c a l l y  
the V. A. Obruchev I n s t i t u t e  for Permaf ros t  S tudies .  I n  a d d i t i o n ,  mine 
p l ans  and d e s i g n s  are developed i n  Leningrad. For more p a r o c h i a l  problems, 
the Pechora Basin also has i t s  own S c i e n t i f i c  Research Coal I n s t i t u t e  
(Pechor NIUI), which was founded i n  1957. This i n s t i t u t e .  i s  divided i n t o  
six s e c t i o n s ,  m a i n t a i n s  f o u r t e e n  l a b o r a t o r i e s ,  has 148 s c i e n t i s t s  and 15 
candida tes  of s c i e n c e s ,  and has published some 400 a r t i c l e s  and 45 books 
and brochures. The I n s t i t u t e  ha3 worked on t h e  problem of designing p l a n t s  
f o r  improving t h e  q u a l i t y  of coking coals and a l s o  on v a r i o u s  t e c h n i c a l  
and economic problems. 17 
2.12 Sur face  and Mine Water problems18 
The s u r f a c e  of the  Pechora Basin is  covered w i t h  Quar te rnary  alluvium 
and g l a c i o - f l u v i a l  d e p o s i t s .  Much of t h e  surface a r e a  is  thawed (up t o  
50% i n  some areas) w i t h  an  ex tens ive  network of thaw l a k e s ,  bogs, s t reams,  
and f l o w s  of ground water  below t h e  s t ream beds. The permafrost  extends 
to a depth of 50 t o  170 n. The rocks  under ly ing  Recent d e p o s i t s  a re  a 
sequence of sands tones ,  a r g i l l i t e s ,  and c l a y s t o n e s  of Permian age. The 
permafrost is c u t  through by v e r t i c a l  thaw zones,  and c o n t a i n s  ex t ens ive  
areas of thaw ( t a l i k s ) .  
The hydrology of t h e  area c o n s i s t s  of  three water systems: the surface, 
p e n l a f r o s t ,  and subpermafros t ,  each of which h a s  a d i f f e r e n t  chemical 
composition. The surficial water c o n s i s t s  of both s u r f a c e  and ground 
waters, i n c l u d i n g  f lows  under  stream channels and i n f i l t r a t i o n  from r ivers .  
The perr iafrost  waters  cons i s t  of inf lows from the s u r f a c e  along the 
v e r t i c a l  thaw zones, and flows through t he  Permian sandstones  which are 
highly permeable and a c t  as aqu i fe r s ,  
Mine excavations can in ter fere  w i t h  these  systems. Excavations i n  
t h e  thawed l aye r  above permafrost (from 4-6 t o  a s  much a s  30-40 m) c u t  
i n t o  t h e  s u r f i c i a l  waters, p a r t i c u l a r l y  the ground waters f lowing through 
unconsolidated sands, grave l s ,  and c lays .  Mine openings i n  the permafrost 
c u t  across hor izon ta l  and v e r t i c a l  thawed zones, r e c e i v e  *fnf iltration from 
t h e  su r face ,  and also cut a c r o s s  t h e  water bearing sandstones. B e l o w  t h e  
permafrost ,  the  two upper systems j o i n  with the subpermafrost waters. 
Shaft sinking causes an increase i n  t h e  velocity of ground water flow, 
and because the re  i s  an i n f l u x  of heat  through vent i la t ion ,  an expansion 
i n  t h e  s i z e  of the water bear ing  horizons. Pumping water  out  of t h e  mines 
and emptying i t  on the s u r f a c e  can r e s u l t  i n  this same water re-entering 
t h e  s h a f t s  through t h e  vertically thawed zones. In addition, shafts can 
inc rease  the rate of i n f i l t r a t i o n  of stream and stream bed water i n t o  
the ground water. 
I n  t h e  areas s tud ied ,  the normal velocity of ground water f low w a s  
1.5 l i te rs /sec /km2.  The r e s u l t  of s h a f t  construction wes t o  increase the 
veloc i ty  of f low t o  4.5 l i t e r s j sec lk rn2 ,  or a th ree fo ld  increase. 
The average rate of water i n f low i n  t h e  coa l  mines varies from 75 t o  
150 m3/hour. However, mines near r ivers  have inf lows as high as 300 t o  
500 m3/hour, because of t h e  high volumes of water f lowing under t h e  r i v e r s  
as  ground water. 
I n  some cases ,  roof c o l l a p s e  can increase t h e  porosity of the r o c k s  
20 t o  30 f o l d  and cause t h e  r a t e  of water  i n f i l t r a t i o n  t o  i n c r e a s e  t r e -  
mendously to a s  high a s  1,500 ~n~/hour. Due t o  the hydrology of t h e  r eg ion ,  
as summarized above, very  s i g n i f i c a n t  variations i n  r a t e s  of mine water  
i n f low occur ,  r e s u l t i n g  i n  s u b s t a n t i a l  requi rements  f o r  pumping and o t h e r  
dewater ing  f a c i l i t i e s  and i n s t a l l a t i o n s ,  e.g. r e s e r v o i r s .  
One proposed s o l u t i o n  t o  the mine w a t e r  problem is t o  d r a i n  t he  su r -  
face a r e a  that w i l l  be i n  t h e  dep res s ion  cone around the s h a f t s .  Th i s  
should b e  done by dra inage  d i t c h e s  w i t h  impervious bottoms t o  p reven t  down- 
ward i n f i l t r a t i o n .  S imi l a r ly ,  the r i v e r  channels  i n  t he .  Lrea a f f e c t e d  
I 
could be l i n e d  wi th  impervious materials. 
There is a r e l a t i o n s h i p  between permafros t  thawing, shaft degrada t ion ,  
and both  t h e  volume and v e l o c i t y  of water  inf low.  A s  mining progresses, 
t h e  rate of water inf low i n c r e a s e s ,  t h u s  i n c r e a s i n g  the amount of h e a t  
brought  i n t o  and around t h e  mine openings,  caus ing  thawing and tunnel de- 
format ion .  A t  some po in t ,  however, i t  appea r s  that t h e  mine wate r  i n f l o w  
s t a b i l i z e s .  
The l i t e r a t u r e  search  d i d  no t  i n d i c a t e  any cons ide ra t ion  of t h e  pos- 
s i b l e  environmental  impact of d r a i n i n g  a l a r g e  s u r f a c e  a r e a  i n  o rde r  t o  
d e c r e a s e  water  i n f i l t r a t i o n  i n t o  t h e  underground mines. Were t h i s  practice 
t o  be necessary  i n  northwest Al.aska, t h e  environmental c o n s i d e r a t i o n s  could 
be  ve ry  weal and must  b e  cons idered .  Another f a c t o r  t o  be  cons idered  
would be  t h e  e f f e c t  of underground mining on su r f ace ,  in t ra -permafros t ,  
and sub-permafrost water ,  f lows,  and t h e  possi .ble  impact of t h e s e  e f f e c t s  
on s t reams and l akes .  
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3 .O NORIL 'SK  DEPOSIT^ 
3.1 General 
The coal  mines of t h e  ~oril'sk Meta l lu rg ica l  Combine are  t h e  p r i n c i p a l  
energy source of one of t h e  l a r g e s t  e n t e r p r i s e s  in the USSR. From 1971, 
however, t h e  main source  of energy w i l l  become n a t u r a l  gas ,  and t h e  conse- 
quent decrease i n  c o a l  production w i l l  s i g n i f i c a n t l y  decrease the  investment 
i n  c o a l  mining, The Nor i l ' sk  coal r eg ion  l i es  on t h e  Taymyr peninsula and 
is  p a r t  of the Tungusska bas in .  The a r e a  has  28 c o a l  seams with r e se rves  
of t e n s  of b i l l i o n s  of tons .  There are twelve seams be ing  worked, divided 
into three sec t ions :  Nor i l ' sk ,  Karayelakhsk, and Imangdinsk. 
The Nor i l ' sk  d e p o s i t  i s  s i t u a t e d  300 ~TII nor th  of t h e  Arctic C i r c l e  and 
has a mean annual temperature of -8.5'~. The number of f r o s t  f r e e  days  
ranges from 40 t o  110 per  year,  w i th  80 being t h e  average .  The mean annual 
wind speed i s  5.9 m/sec, w i t h  t h e  maximum being SO m / s e c .  Mean annual 
p r e c i p i t a t i o n  equals 500-600 mm. The depth  of permafrost  ranges from 0  t o  
3 m i n  t h e  v a l l e y  of the  Norilka River t o  370 rn i n  highland areas. 
I n  v e r t i c a l  c ross  sec t ion ,  the permafrost can be d iv ided into t h r e e  
zones. These are the  a c t i ve  zone, t h e  zone of accumulation, and t h e  zone 
of cons tant  temperature. The a c t i v e  zone i s  the  depth of thaw dur ing  t h e  
period from J u l y  15 through September 15th,  and varies according t o  mor- 
phology, r e l i e f  and aspect ,  
The accumulation zone has  been poorly studied*, I n  g e n e r a l  it v a r i e s  
i n  dep th  from 12 t o  17 m. Below t h i s  i s  the  zone of cons tan t , t empera tu re  
which i s  no t  influenced by variations of atmospheric temperature. 
For many years t he  mines opera ted  without  t h e  use  o f  heating devices, 
0 
bu t  f r o m  1953 t o  1961 such devices  were i n s t a l l e d  i n  all mines. Without 
heating devices ,  the  mine a i r  temperatures i n  winter  at t h e  working faces 
ranged from -2OC t o  - 8 ' ~  and the temperatures of t h e  surrounding rocks  
and c o a l  va r i ed  from -3Oc t o  -6'~. After t h e  i n s t a l l a t i o n  of mine a i r  
hea t ing  devices ,  t h e  a i r  temperatures of the  mine atmosphere ranged f r o m  
+4 t o  +S°C. A t  a d i s t ance  of 0.5 m from t h e  mine works, the  temperature 
i n  the c o a l  and i n  t h e  rocks ranged from -1 .5 '~  t o  -3'~. Seasonal  varia- 
t i o n s  i n  t h e  temperature regime along t h e  ventilation ways showed l i t t l e  
change except near  the mine opening. 
3.2 The Deposit of Smith and Hope lfountains (gor Shm-idta i Nadezhdy) 
The depos i t  is  c u t  by numerous f r a c t u r e s  along which a i r  reaches t o  
s i g n i f i c a n t  depths  causing ox ida t ion  of coa l  which thereby i n c r e a s e s  t h e  
danger of spontaneous i g n i t i o n  when t h e  coal  is  mined. One of the seams 
i n  this depos i t  conta ins  m e t a l l u r g i c a l  grade coal  which has f o r  a long t i m e  
completely s a t i s f i e d  the  needs of t h e  me ta l lu rg ica l  combine f o r  this product.  
There a r e  seven underground and t w o  surface coal mines in t h e  
Nor i l ' sk  Ple ta l lurgica l  Combine. The Kayerkansk depos i t  is  worked by one 
a c t i v e  surface mine and a second s u r f a c e  mine is  under development. The 
Mount Smith and Iiope deposi t  i s  worked by f i v e  underground mines a l l  of 
w h i c h  are dangerous because of gas. The mines a l l  use the  suction system 
of ventilation. The opinion has long existed t h a t  t h e  gas content of 
t h e  coal i n c r e a s e s  with depth and that gas re lease t  i s  greate: i n  thawed 
rocks. The maximum gas generat ion was measured i n  November,x1963, when 
3 the v e n t i l a t i o n  a i r  e x i t i n g  a mine showed up t o  68 m /ton of methane. 
There has been more than t h i r t y  yea r s  of experienc? i n  coal mining 
i n  t h e  Nor i l ' sk  depos i t .  For a long time t h e  room and p i l l a r  system was 
employed. The room and p i l l a r  system, whi le  q u i t e  e f f e c t i v e ,  increases 
the p o t e n t i a l  danger from endogenous f i r e s .  Roof co l l apse  i n  t h i s  system 
occurs after 6 to 12 days. The e f f e c t i v e n e s s  of the room and p i l l a r  system 
employed in ~ o r i l ' s k  i s  no lower than i n  o t h e r  areas of the  USSR and i n  
some c a s e s  is higher.  The system i s  p a r t i c u l a r l y  appropr ia te  where r o o f s  
a r e  weak. T h e  weaknesses lie i n  t h e  l a r g e  amount of coal l e f t  underground, 
t h e  increased danger t o  t h e  workers, incomplete v e n t i l a t i o n  of the  working 
areas, the low l e v e l  of mechanization i n  coal loading,  and t h e  l a r g e  amount 
of labor used f o r  placing wooden props. 
Roof b o l t i n g  has been employed i n  p1ac.e of using wooden props. However, 
there is not y e t  a common system f o r  drilling i n t o  roofs ,  and there have 
been cases of sudden roof col lapse  over large areas a f t e r  roof b o l t i n g .  
A system has been u t i l i z e d  i n  which t h e  roof d i r e c t l y  over t h e  working 
a r e a  i s  not  supported. Here t h e  c o a l  is  removed by sc rapers  and taken t o  
t h e  haulage way, so  t h a t  there are no people right at t h e  working face. 
T h i s  system has n o t  been widely u t i l i z e d  because there are l imi t ed  re-  
serves of s u i t a b l e  c o a l .  
3 . 3  Endogenous F i r e s  
The o n l y  c o a l  mines i n  permafrost i n  the USSR characterized by en- 
dogenous f i r e s  are t h o s e  of ~ o r i l ' s k .  When plans  were formulated f o r  
developing the N o r i l l s k  coal depos i t ,  t h e  coals were as ses sed  as no t  being 
s u b j e c t  t o  spontaneous i g n i t i o n .  The f i r s t  underground endogenous f i re  
was discovered on J u l y  2 ,  1949. From then  until 1966, t h e r e  have been 
many f ires.  Four occurred i n  t h e  period 1949-1951 and f o r  t he  fol lowing 
f i v e  yea r s  t h e r e  were no fires, bu t  i n  1956 t h e r e  were two f i r e s  simul- 
taneously.  Subsequent ly f i r e s  occurred almost  eve ry  year. The f i r e s  
have cont inued t o  burn  f a r  many +ears ,  and as of J anua ry  1, 1966, t h e r e  
were eleven endogenous f i res  s t i l l  burning, which has r e s u l t e d  i n  s i g n i f i -  
can t  l o s s e s  of c o a l  and increased  o p e r a t i o n a l  c o s t s  f o r  f i r e  suppression 
and prevent ion .  
Data on the gas con ten t  of mine a i r  just p r i o r  t o  t h e  f i r e s  gave no 
i n d i c a t i o n  t h a t  a f i r e  w a s  imminent. S i m i l a r l y ,  there were no v i s u a l  s i g n s  
t h a t  a fire was about to break out .  P l a n s  were made i n  1957 t o  a t t e m p t  
t o  pu t  o u t  t h e  f i r e s  by pumping l i q u i d  c l a y  i n t o  t h e  mines t o  form barriers. 
Analyses of coal samples made i n  1937 i n d i c a t e d  t h a t  t h e  ~ o r i l ' s k  
c o a l s  were no t  s u b j e c t  s i g n i f i c a n t l y  t o  spontaneous i g n i t i o n .  
More r e c e n t  analyses have shown t h a t  t h e  c a p a c i t y  of c o a l  to absorb 
oxygen is  a f u n c t i o n  of temperature.  A s  t empera ture  i nc reases ,  so  does 
t h e  capacity of coal  t o  absorb  oxygen, which i n  turn means that chemical 
a c t i v i t y  a l s o  i n c r e a s e s .  Analyses of chemical  activity showed t h a t  ~oril'sk 
coa l s  have a lower l e v e l  of activity than  coals from other p a r t s  of t h e  
USSR. 
During t h e  f i r s t  y e a r s  i n  which the  f i e l d  1.7as mined, Eew p recau t ions  
a g a i n s t  f i r e  were u t i l i z e d  and t h e  mined areas were n o t  i s o l a t e d  from 
t h e  haulage ways. Extremely l a r g e  amounts of a i r  with a n  oxygen con ten t  
above 20% entered  t h e  mined a r e a .  The temperature of t h e  mine a i r  reached 
SOC and h igher  as a consequence of t h e  hea t  generat'ed by mining ope ra t ions  
and poor v e n t i l a t i o n  of excavat ions  near  the  working faces. 
These c o n d i t i o n s  e x i s t  i n  both  seams one and t w o ,  and y e t  only seam 
two has  had endogenous f i r e s .  The reason appears t o  be tha t  t h e  h e a t  
# 
generated i n  seam one does  n o t  accumulate bu t ,  due t o  t h e  f a v o r a b l e  geo- 
l o g i c  cond i t i ons ,  i s  l o s t  t o  t h e  mine air. I n  s e a m  two, however, the  
v e l o c i t y  of t h e  v e n t i l a t i o n  a i r  l eav ing  t h e  worked o u t  areas is s i g n i f i c a n t l y  
l e s s  t han  i n  seam one. The r e s u l t  is  the  accumulat ion of h e a t  which, 
w i t h  ox ida t ion  of t he  c o a l ,  r e s u l t s  i n  endogenous f i r e s .  The lower a i r  
v e l o c i t y  through t h e  waste c o a l  ( t he  r:lom and p i l l a r  system i s  employed) 
r e s u l t s  from t h e  presence  of clay and sand l a y e r s  w i t h i n  t h e  coal seam. 
It appea r s  t h a t  t h e  most likely p laces  i n  which spontaneous i g n i t i o n  will 
occur  a r e  i n  waste  coal p i l l a r s  a t  a d i s t a n c e  of 5-7 meters from the e n t r y  
a long  which moves t h e  f r e s h  v e n t i l a t i o n  a i r  stream. Pulling the p i l l a r s  
i n  such a way a s  t.o c r e a t ~ .  large f i s s u r e s  i n  the  c o a l  increases a i r  move- 
ment and thereby p reven t s  t h e  accumulation of hea t .  
mper imen t s  were conducted underground t o  determ%ne t h e  r e l a t i o n s h i p  
between temperature and chemical  a c t i v i t y  i n  N o r i l ' s k  coa l .  The r e s u l t s  
suggest t h a t  i f  t h e  n a t u r a l  thermal  regime i s  maintained t h e r c  w i l l  be 
l i t t l e  p r o b a b i l i t y  of spontaneous i g n i t i o n .  
Experiments a l s o  showed that moving a i r  heated to + ~ O C  through a 
small. coa l  p i l e  caused an inc rease  i n  coal  temperature t o  +11'~ i n i t i a l l y ,  
b u t  l a t e r  t h e  temperature  dropped t o  ~ O C ,  showing t h a t  t h e  hea t  generated 
was adequately d i s s ipa ted .  Thus, there is  l i t t l e  danger of spontaneous 
i g n i t i o n  i£ t he  heat  generated by chemical a c t i o n  i s  d i s s i p a t e d .  
Experiments also showed t h a t  moving a i r  heated t o  + 7 ' ~  through a 
0 l a r g e  c o a l  p i l e  caused a temperature inc rease  f i r s p ' t o  f l l  C .and subse- 
quent ly  to +26O~. Subsequently, t h e  p i l e  was isolated from incoming air, 
and this caused the temperature t o  drop back t o  f l l o ~ .  The r e s u l t s  indi- 
c a t e  t h a t  t h e  movement of mine a i r  wi th  a temperature 0 f ~ i - 7 ~ ~  through a 
l a r g e  c o a l  p i l e  c r e a t e s  the h ighes t  danger of endogenous fires. The center 
of t h e  f i r e  i s  a t  t h e  c e n t e r  of t h e  c o a l  p i l e .  
An additional experiment involved moving a i r  with t h e  same temperature 
as tha t  of the  surrounding rock through a l a r g e  coa l  p i l e .  No inc reases  
i n  c o a l  temperatures were noted. 
The experiments i n d i c a t e  t h a t  even a small  increase i n  mine a i r  tem- 
pe ra tu re ,  on t he  order of 3 to 4OC, can i n i t i a t e  a s i g n i f i c a n t  increase 
i n  chemical a c t i v i t y  i n  c o a l  and thereby increase  t h e  r i s k  of spontaneous 
i g n i t i o n  under permafrost condi t ions .  
The most s i g n i f i c a n t  conclusion reached i s  t h a t  mainta in ing tempera- 
t u r e s  equal t o  those  of t h e  surrounding rock *.?ill mainta in  the n a t u r a l  
thermal conductivi ty.  This  enables adequate d i s s i p a t i o n  of hea t  generated 
in the coa l  by chemical a c t i o n ,  and thereby prevents  ipontaneous i g n i t i o n  
of coal mined by nieans of t h e  room and p i l l a r  system under permafrost 
cond i t ions .  
lleasurements of the h e a t  exchange i n  a  dead end room wit11 tempera- 
t u r e s  h e l d  a t  those of t h e  su r round ing  rock show t h e  fo l lowing:  
& a t  Generated 0.00896 c a l / m l - h r  
Coal Heating 0.00180 11 
Heat Lost to t h e  Air 0.00003 I I 
Heat Loss t o  Surrounding Rocks 0.00713 @ I  
The l a s t  f i g u r e ,  h e a t  l o s s  t o  rocks, can only be expla ined  by the 
low t empera tu re  05 t h e  permanently f r o z e n  rocks.  Almost all t h e  generated 
heat is consumed i n  hea t ing  the coa l  of t h e  c o a l  p i l e  or,  i s  removed by 
thermal conduc t iv i t y .  This accounts f o r  99.6% of t h e  generated h e a t .  
By c a l c u l a t i n g  the t i m e ,  i t  can be  determined t h a t  t h e  amount of heat 
retained would be s u f f i c i e n t ,  under  a below f r e e z i n g  t empera tu re  regime, 
t o  cause spontaneous i g n i t i o n  of c o a l  a f t e r  approxinlately 1 7  y e a r s .  
bleasurements of the h e a t  exchange under  c o n d i t i o n s  of good vent i la-  
tion i n  which the  a i r  has a t empera tu re  of 7'~ above f r e e z i n g  show dif- 
f e r e n t  r e s u l t s ,  as  fol lows:  
Heat Generated 0.01046 c a l / m l 9 h r  
Coal Heating 
L o s t  t o  the A i r  
Other Heat L o s s  
Thc n e g a t i v e  s i g n  i n  f r o n t  of the  number f o r  hea t  l o s t  t o  t h e  a i r  
r e f l e c t s  t h e  e f f ec t  of warm a i r  on rocks  w i t h  below f r e e z i n g  t empera tu re s ,  
and i n d i c a t e s  tha t  h e a t  is  gained  fro^ the a i r .  
By c a l c u l a t i n g  t h e  t i m e ,  i t  appears t h a t  under t h e s e  conditions 
(temperature of the a i r  being a t  f 7 ' ~ )  t h e  p o i n t  of spontaneous i g n i t i o n  
w i l l  bc  reached after s ix  months,  which is  reasonably  close t o  t h e  actual 
h i s t o r y  oE t h e  underground f i r c s  s t u d i s d  . 
Under permafros t  cond i t i ons ,  t h e  thermal  c o n d u c t i v i t y  of t h e  r o c k  
i s  about  0.01 cal/nl.hr*degree C ,  whereas tn the  Kuzbas i t  i s  equa l  t o  
0.00285. Probably this d i f f e r e n c e  stems from t h e  i n f luence  of ice i n  
t h e  rock  and t h e  low rock tempera tures .  
3 3 . 4  Permeab i l i t y  of V e n t i l a t i o n  S h a f t s  
There  a r e  s p e c i a l  d i f f i c u l t i e s  encountered  i n  t h e  development of 
main and secondary v e n t i l a t i o n  s h a f t s .  The below f r e e z i n g  t empera tu re s  
of the atmosphere and a wind speed of 3-6 m l s e c  p revents  t h e  u s e  of water 
and o t h e r  f r e e z a b l e  l i q u i d s  and damages s t r u c t u r e s .  Near t h e  e n t r y  ways, 
the t empera tu re  d i f f e r e n c e  between the winter incoming a i r  (-50°C) and 
t h e  rock  tempera ture ,  and the  p r e s s u r e  d i f f e r e n t i a l  between t h e  rock and 
t h e  t u n n e l s  cause  d i f f i c u l t i e s .  The v e n t i l a t i o n  ways are composed of 
c o n c r e t e ,  and f r a c t u r e s  develop over  t i m e  c aus ing  a l o s s  of v e n t i l a t i o n  
a i r  a s  h i g h  as  t e n  pe rcen t .  The f r a c t u r e s  a r e  g r a d u a l l y  widened th rough  
the  removal of c o n c r e t e  due t o  t h e  p r e s s u r e  d i f f e r e n t i a l  between the inside 
and t h e  o u t s i d e  of t h e  conc re t e  w a l l s .  
S i m i l a r  problems are encountered with the c o n s t r u c t i o n  of b l o c k i n g  
w a l l s  f o r  i s o l a t i n g  a r e a s .  The d e s i g n s  and techniques  f o r  b u i l d i n g  such 
w a l l s  cannot  be  au toma t i ca l l y  t r a n s f e r r e d  from o t h e r  areas b u t  must take  
permafros t  c o n d i t i o n s  i n t o  account .  
11 A s  is  known, t h e  Safety Regula t ions  f o r  Coal and o i l  shale mines, 
adopted i n  1963, d i d  not  t a k e  i n t o  account  t h e  s p e c i f i c  c o n d i t i o n s  of w o r k  
under permafrost condi t ions ,  and on ly  i n  r ecen t  yea r s  has t h i s  s i t u a t i o n  
been p a r t i a l l y  corrected." 
3.5 Sources 
1. V. K. Kurenchanin, Mining of the  Coal Deposi ts  of the Northeastern 
USSR, Moscow, 1971, pp. 126-143, passim. 
2. Kurenchanin, op. c i t . ,  pp. 144-166, passim. 
3. Kurenchanin, op. c i t . ,  pp. 166-167. 
4.0 COAL MINES OF THE LENA BASIN (YAKUTIYA) 
4.1 General C h a r a c t e r i s t i c s  
The basin of t h e  middle and lower Lena River,  inc luding the b a s i n s  
of i t s  t r i b u t a r i e s ,  t h e  Aldan and Vilyuy Rivers ,  is est imated t o  contain 
30% of t h e  t o t a l  coa l  r e se rves  i n  the  USSR. The est imated rese rves  i n  
1969 i n  t h i s  Mesozoic province were 3,000 billion tons. 1 
The coal  basins l i e  i n  a region of predominately continuous perma- 
frost ly ing  between about 56O and 7 2 O ~  l a t i t u d e  and 100° and 1 4 0 ' ~  longi- 
tude.  I n  t h i s  l a r g e  region the re  is,  genera l ly  speaking, an increase i n  
t h e  th ickness  of t h e  permafrost from south t o  nor th ,  al though f a c t o r s  
other than latitude a r e  involved i n  permafrost d i s t r i b u t i o n .  The a c t i v e  
layer varies  i n  depth  from less than 1 meter a t  the lowest (northernmost) 
p a r t  of the r i v e r  Lena t o  more than 2 t o  3 meters  i n  t h e  southern part 
of Yakutia, the a r e a  of Aldan and Chul'man. I n  t h e  b a s i n  of t h e  Vilyuy 
River, a major l e f t  bank t r i b u t a r y  of the  Lena, t h e  active layer i s  two 
t o  th ree  meters  th ick .  The lower Lena area has  permafrost reaching t o  a 
depth of 500 meters and more, while t h e  c e n t r a l  Lena has  a depth  of 200 
t o  400 meters .  The southernmost: a r e a ,  t h e  Aldan Chul'man r eg ion ,  has 
permafrost  t o  a depth  of 200 meters  ( the  same depth  of permafros t  i s  
a l s o  found i n  t h e  Laptev Sea o f f s h o r e  f rom the  mouth of the  Lena). 2 
I n  t h i s  region,   he most promising a r e a  f o r  c o a l  development appears  
t o  be the  Southern Yakut Easin ( l a r i t u d e  57ON l a t i t u d e ,  1 2 2 O - 1 2 6 ~ ~  longi-  
tude) which can supply  coking c o a l s  t o  t h e  m e t a l l u r g i c a l  i n d u s t r y  e a s t  
of Lake Baikal.  P r i o r  t o  1959, c o a l  from t h i s  basin w a s  u t i l i z e d  only 
f o r  l o c a l  needs. 
The o l d e s t  c o a l  mine i n  the Lena bas in  is  s i t u a t e d  a t  Sangara near  
the confluence of t h e  Vilyuy and Lena Rivers  (64ON, 128 '~) .  It produced 
187,000 tons  i n  1954 p r i m a r i l y  f o r  t h e  Northern Sea Route vessels and 
f o r  t h e  Lena gold indus t ry .  The Dzhebariki-Khaya d e p o s i t  on the middle 
Aldan (62'14, 136'~)  produced 108,300 tons  i n  1954 f o r  u s e  a long t h e  Aldan 
and upper Lena Rivers .  The Kangalassk (Surgutsk) d e p o s i t  ( 6 2 + O ~ ,  12g0E) 
s i t u a t e d  on t h e  l e f t  bank of t h e  Lena about 45 km nor theast  of Yakutsk 
produced about 60,900 t o n s  of c o a l  i n  1954. This  c o a l  can be t r anspor t ed  
and s to red  f o r  long p e r i o d s  of t ime when f rozen ,  b u t  qu ick ly  d i s i n t e g r a t e s  
and i s  sub jec t  t o  spontaneous i g n i t i o n  when thawed. Very h i g h  q u a l i t y  
c o a l  e x i s t s  a t  Sogo (Sogo-Khaya), an i s l a n d  a t  the  mouth of the Vilyuy, 
which has been mined on a small scale i n  t h e  p a s t  and which, due  t o  i t s  
h i g h  q u a l i t y  and l o c a t i o n ,  may be s i g n i f i c a n t  i n  t h e  f u t u r e .  The Soginsk 
d e p o s i t  s i t u a t e d  a long  t h e  c o a s t  of t h e  Lapev Sea 1 4  lun from t h e  por t  of 
T i k s i  ( 7 1 g 0 ~ ,  1 2 9 ~ ~ )  produced 57,500 t a n s  of coal  i n  1954 primarily for 
power pl.ants a t  T i k s i  and a t  v a r i o u s  fishing f a c t o r i e s  i n  t h e  lower Lena. 
The Zyryansk depos i t  (66ON, 150°13) on the Kolyma River produced 136,000 
t o n s  i n  1954 p r i n c i p a l l y  f o r  t h e  Kolyma River fleet and t o  supply t h e  
p o l a r  stations a t  Clzukotlca and Wrangel I s l and .  This  d e p o s i t  c o n t a i n s  
h i g h  g r ade  coking c o a l s  and is n l o w  cos t  producer.  3 
The f i r s t  exp lo ra t ion  of Yakut c o a l  occurred i n  1736 w i t h  s tudy  of 
t h e  Rangalassk depos i t  near  Yakutsk. Coal was f i r s t  mined h e r e  nea r  t h e  
end of t h e  e igh teen th  cen tu ry  f o r  use by t h e  B i l l i n g s  e x p e d i t i o n .  During 
t h e  fo l lowing  cen tu ry  t h i s  coal was used by gold mining o r g a n i z a t i o n s  i n  
t h e  a r e a .  The Sangar d e p o s i t  was f i r s t  t e s t e d  and explored i n  1913. The 
Sangara and Kangalassk d e p o s i t s  were s t u d i e d  and developed i n  1928 and 
1930, and t h e  Chul'makansk d e p o s i t  i n  Southern Yalcutia and t h e  Zyryansk 
b a s i n  were developed i n  t h e  l a t e  1930s. The f i r s t  c o a l  was mined i n  the 
Dzhebariki-Khaya i n  1940. A t  present about  800 c o a l  d e p o s i t s  a r e  known 
i n  Yakutsk. 
The c o a l  mining organization Yakutugol' fornled i n  1966 c o n t r o l s  four 
underground mines, Sangara, Dzhebariki-Khaya, ~hu' l rnansk,  Sogo, and three 
s u r f a c e  mines,  Zyryansk, Kangalasskiy,  and Neryungrinskiy. Each mine 
s u p p o r t s  a c losed ,  small  i n d u s t r i a l  r e g i o n  conta in ing  e l e c t r i c a l  power 
stations, vehicle parks ,  r i v e r  v e s s e l s ,  s u i t a b l e  a g r i c u l t u r a l  unde r t ak ings ,  
c o n s t r u c t i o n  s e c t i o n s ,  timber industries, etc.  I n  the  underground mines,  
seams 1.7-3.5 m t h i c k  a r e  worked, and i n  t h e  open p i t  mines seams 3.5-49 m 
t h i c k  a re  worked. The gas c o n t e n t  of t h e  seams being worked is i n s i g n i f i -  
c a n t .  The r eg ion  i s  t e c t o n i c a l l y  quiet. The Sogo underground mine and 
t h e  Kangalasskiy and Zyryansk s u r f a c e  mines are worked only  from October 
t o  May. During t h e  summer the  mines a r e  improved, r e p a i r  work under taken ,  
and coal shipped.  The capacity of the underground mines is 80,000 t o  
400,000 t o n s  per  year  and t h a t  of t h e  s u r f a c e  mines i s  120,000 t o  450,000 
t o n s  per  year .  Coal production inc reased  from 923,000 t o n s  i n  1960 t o  
1,589,000 i n  1971. 4 
With the  s p e c i a l  bonuses f o r  A r c t i c  work, labor  c o s t s  amounr t o  
64.6% of t o t a l  c o s t s  for coal .  I n  1971 t h e  average  c o s t  per  t o n  of coal 
mined by Yakutugol '  was 7.66 r u b l e s ,  w i t h  underground c o a l  c o s t i n g  
10.52 rubles and s u r f a c e  mined c o a l  4.80 r u b l e s  per  ton.  The u s e  of 
improved technology has increased monthly p r o d u c t i v i t y  per  miner from 
83.4 tons i n  1965 t o  100.7 t ans  i n  1971, which inc ludes  an i n c r e a s e  i n  
underground p r o d u c t i v i t y  from 6 3 . 3  t o  69.6 t o n s  per man month. A t  t h e  
same t ine  t h e  percentage  of c o a l  ob ta ined  from s u r f a c e  mines increased  
from 39.6% t o  49.4%. 5 
Yakutia  l i e s  approximately i n  t h e  h e a r t  of Euras ia  and i s  surrounded 
on the e a s t ,  wes t ,  and south  by mountain ranges. Except along t h e  A r c t i c  
c o a s t s ,  i t s  c l i m a t e  i s  con t inen ra l  i n  t h e  extreme. Mean minimum ambient 
a i r  t e n p e r a t u r e s  i n  t h e  coa l  mining areas range from -49 t o  -6S°C, wi th  
a b s o l u t e  extremes a s  low as  -69'~. The average  l e n g t h  of t h e  f r o s t  free 
per iod  r anges  from 45 t o  103 days,  and precipitation i s  s m a l l ,  r anging  
from 90 t o  350 mn per  year ,  occu r r ing  p r i m a r i l y  a s  summer ra ins torms.  
With t he  excep t ion  of t h e  a r e a  con ta in ing  t h e  Sogo d e p o s i t ,  wind speeds  
a r e  g e n e r a l l y  low. Re la t ive  humid i t i e s  are high ,  averaging between 70% 
and 80% throughout  t h e  year, so t h a t  equipment should be designed w i t h  a 
view toward o p e r a t i o n  i n  a wet atmosphere. Sheet  ice  is  a l s o  a problem, 
p a r t i c u l a r l y  f o r  s u r f a c e  mining. 6 
The c o a l  mines a r e  s i t u a t e d  i n  permafros t ,  which ranges i n  tempera- 
t u r e  from -lloc (Sogo) t o  I-0.5'~ i n  t h e  Chul'rnansk n ine .  Permafrost  i n  
i t s e l f  i s  not  a d i f f i c u l t y  f o r  s u r f a c e  mining except  d u r i n g  summer when 
specia l  measures must be fo l lowed  t o  maintain t h e  s t a b i l i t y  of slopes, 
tailing p i l e s ,  and roads  under thaw cond i t i ons .  However, f r o z e n  ground 
does c rea te  special. c o n d i t i o n s  f o r  underground mining which a f fec t  
b l a s t i n g ,  loading ,  t r a n s p o r t a t i o n ,  v e n t i l a t i o n ,  and u t i l i z a t i o n  of auto- 
mated equipment. Small changes i n  temperature can cause s i g n i f i c a n t  
a l t e r a t i o n s  i n  roof s t a b i l i t y  and cause sudden roof co l l apse .7  Heat 
exchange between t he  mine atmosphere and t h e  sur rounding  r o c k s  in f luences  
d u s t  genera t ion ,  p a r t i c u l a r l y  durin, win te r  when dust gene ra t ion  can 
exceed 2,200 rng/rn3. I n  a d d i t i o n ,  underground f i r e s  c a n  be 'caused by 
oxida t ion  in t h e  coal  seams r e s u l t i n g  from mine v e n t i l a t i o n .  8 
4.2 Sangara Depos i t  ( 6 4 O ~ ,  1 2 8 0 ~ )  
The d e p o s i t  i s  s i t u a t e d  n e a r  t h e  s e t t l e m e n t  of Angar which has a 
popu l a t i on  of 6,000 people.  The mean annual  tempera ture  of t h i s  area i s  
-lO.lOc, with a mean annual p r e c i p i t a t i o n  of 265 mm. High winds occur  
in summer. The area is served by r i v e r  t r a n s p o r t a t i o n  a long  the  Lena and 
by a i r c r a f t  and by w i n t e r  roads. The c o a l  is consumed along t h e  Lena and 
i s  a l s o  t ranshipped  via T i k s i  t o  t h e  bas in  of t h e  Pana River, where, due 
t o  high t r a n s p o r t a t i o n  c o s t s ,  it is  so ld  f o r  up t o  108 rubles per  ton. 
The sale pr ice  at t h e  Sangara mine is  set a t  12.85R p e r  t o n  f o r  c o a l  w i t h  
an average ash c o n t e n t  of 15%. 
The mine which is  worked from f i v e  sha l low s h a f t s  is dangerous be- 
cause of gas and has had s e v e r a l  gas explos ions .  The c o a l  mined occurs  
i n  d r y  permafrost  w i th  an active layer 1.5 - 3 m t h i c k  and an i n a c t i v e  
layer reaching a s  deep a s  200 m. Permafrost  t empera tures  v a r y  from -0.9'~ 
t o  -3.2%. There appear t o  be no water  bearing fo rma t ions  i n  the mine i n  
s p i t e  of i t s  proximity t o  t h e  Lena River .  It is assumed t h a t  graund 
water  e x i s t s  below t h e  permafros t ,  and should c o a l  below permafros t  be 
worked t h z r e  would be a need f o r  pumps. The problem then  would be how 
t o  pump water  ou t  of a mine and d i s p o s e  of it a t  tempera tures  as low as  
-5s0c. 
V e n t i l a t i o n  i s  a ided  i n  win te r  by the a i r  p re s su re ,  b u t  is hindered 
i n  t h e  summer. V e n t i l a t i o n  v e l o c i t y  is 0.3 - 0.7 mlsec i n  development 
a r e a s  and is  on t h e  average 0.7 m/sec along working f a c e s .  The mining 
p l a n  was adopted from p r a c t i c e  i n  o t h e r  a r e a s  w i th  seams a£ t h e  same 
t h i c k n e s s .  This  caused d i f f i c u l t i e s .  P a r t i c u l a r l y  under c o n d i t i o n s  of 
below f r e e z i n g  temperature,  t h e  method of i s o l a t i n g  mined areas d i d  n o t  
work, t h e  norm f o r  t e n  meter p i l l a r s  was inadequate ,  t h e  p i l l a r s  collapsed, 
and thawing occurred along t h e  r o o f s  of t h e  haulage ways. The incoming 
v e n t i l a t i o n  a i r  i s  n o t  hea ted ,  so  dur ing  the lowest  winter t empera tures ,  
t h e  mine a i r  temperature ranged from -3% t o  - 9 ' ~  a t  a d i s t a n c e  of 800- 
900 m from t h e  mine opening a long  t h e  incline and from - 2 ' ~  t o  -4Oc a t  
t h e  working face .  Summer tempera ture  along t h e  working f a c e  was nea r  OOC, 
while  thawing occurred a long  the haulage ways. 
During the win te r  of 1968-69, t h e r e  was an a t t empt  t o  heat t h e  incoming 
v e n t i l a t i o n  a i r ,  bu t  t h e  hea t ing  system was not  completed. A t  t h e  same 
t i m e ,  an e f f o r t  was made t o  i n c r e a s e  t h e  humidity of t h e  mine air by i n t r o -  
ducing steam i n t o  t h e  fresh air s t ream 15-20 m from t h e  mine opening. The 
result was mois ture  condensat ion,  i c e  formation,  over a d i s t a n c e  of 200 m. 
Humidity was not  measured, bu t  t h e r e  w a s  no visual  i n d i c a t i o n  of any re- 
d u c t i o n  i n  dus t  formation.  
Dust i s  suppressed by t h e  u s e  of f i l t e r s  i n  t h e  v e n t i l a t i o n  system, 
by clean-up and removal, by rock  d u s t i n g ,  by removal of d u s t  from working 
places by air, and by u t i l i z a t i o n  of r e s p i r a t o r s .  T h e  Ural 2M combine 
(cont inuous  miner) was f i rs t  employed i n  1968, but without  t h e  u s e  of 
water  f o r  d u s t  suppression.  The maximum measured d u s t  c o n c e n t r a t i o n  
occurred  3 meters  behind (downstream) of t h e  combine and reached 244.6 
mg/m3 a t  a r e l a t i v e  humidity of 74.12, a tempera ture  of -1 .ZOc, and a 
v e n t i l a t i o n  a i r  speed of 0.5 n/sec. Data show that d u s t  g e n e r a t i o n  ex- 
ceeds  h e a l t h  s tandards ,  bu t ,  even so ,  i s  lower than  t h a t  c r e a t e d  by t h i s  
same machine without  dust suppres s ion  in other  mines. The u s e  of t h e  com- 
bine reduced coal  e x t r a c t i o n  c o s t s  and e l imina ted  b l a s t i n g ,  t h e  most 
dangerous p a r t  of underground work. Without b l a s t i n g ,  the s t a b i l i t y  of 
t h e  roof  improved which i n  t u r n  reduced bo th  t h e  acc iden t  rate and a lso  
t h e  costs f o r  wooden roof suppor ts .  In  comparison with t h e  d r i l l i n g -  
b l a s t i n g  method, t h e  combine incrr3ased worker p roduc t iv i ty  f r o m  9.26 t o n s  
t o  16.68 t o n s  and reduced c o s t s  p e r  t o n  from 0.72 r u b l e s  t o  0.44 rubles.  
Coal c l ean ing  is  done only  by hand p i ck ing  manually a t  t h e  f a c e  and 
a l o n g  t h e  conveyors a t  t h e  load ing  point .  Annual product ion  du r ing  t h e  
1960s v a r i e d  from 237,500 t o n s  t o  263,600 tons ,  wi th  no major changes i n  
t e c h n i c a l  o r  economic i n d i c a t o r s  of p r o d u c t i v i t y .  
4 . 3  The Dzhebariki-Khaya Deposi t  ( 6 2 ' ~ ~  1 3 6 ~ ~ )  lo 
The name Dzhebariki-Khaya means "Black Mountain". It i s  loca t ed  on 
the s h o r e s  of t h e  Aldan River  60 km s o u t h  of Ichandyga and is connected 
w i t h  o t h e r  s e t t l emen t s  by l i g h t  a i r c r a f t ,  r i v e r  vessels, and w i n t e r  roads .  
The c o a l  is  u t i l i z e d  by s e t t l e m e n t s  a long  t h e  Aldan River ,  r i v e r  v e s s e l s  
a long  t h e  Lena, i n d u s t r i a l  centers  a long  t h e  Lena, and gold and o t h e r  
mining o r g a n i z a t i o n s  along t he  Aldan. 
The r e g i o n ' s  c l i m a t e  is  cxtrernely c o n t i n e n t a l ,  with average winter 
t empera tures  ranging  from - 2 5 ' ~  t o  -42.5 '~ (January)  and summer tempera- 
tures r each ing  t o  +30°c i n  J u l y  and August. R e l a t i v e  humidity ranges 
from 62 t o  80 pe rcen t ;  t h e  250 mm of annual  p r e c i p i t a t i o n  o c c u r s  p r in -  
c i p a l l y  as summer r a i n f a l l .  
Permafrost: r eaches  t o  depths of 420 t o  500 m and has a relatively 
c o n s t a n t  tempera ture  between -3. ~ O C  and -5.5'~. I n  summer, h e a t i n g  
o c c u r s  due  t o  incoming a i r ,  and tempera ture  changes can be no t i ced  t o  a 
d i s t a n c e  of 900 m a long  t h e  v e n t i l a t i o n  way. Thawing occurs  t o  d i s t a n c e s  
as  g r e a t  a s  35 cm i n  t h e  roof and f o o t  w a l l ,  r e s u l t i n g  i n  t h e  fo rma t ion  
of mud along t h e  f o o t  wall and dropping  of c o a l  from t h e  roof  a long  pre-  
p a r a t o r y  works. Summer hea t  r each ing  t h e  working f a c e s  causes  i n t e n s i v e  
thawing of r o o f s  l ead ing  to sudden roof  c o l l a p s e ,  thereby i n c r e a s i n g  the  
danger a f  mining. 
The c o a l  is n o t  subject t o  spontaneous i g n i t i o n .  However, t h e r e  has 
been a series of f i r e s  i n  t h e  storage a r e a s .  Each fire has r e s u l t e d  from 
t h e  same circumstances.  Newly mined coal which is placed on t o p  of c o a l  
from t h e  p rev ious  year  which w a s  n o t  shipped o u t  dur ing  t h e  summer sh ip-  
p ing  season i g n i t e s  after i n t e n s i v e  r a i n s t o r m s  and when a i r  t empera tu re s  
r each  + 2 5 O ~  ( J u l y ,  August). 
The mining plan employs c o a l  p i l l a r s  with a width of 5 t o  8 m f o r  
roof suppor t s ,  and t h e s e  have remained f o r  many years. I n  all the develop- 
ment works, c o a l  of up t o  1.4 m thick i s  l e f t  i n  t h e  roof .  I n  some 
excava t ions ,  a f t e r  3-5 years  the combined e f f e c t s  of thawing and rock  
pres su re  cause  t h i s  l a y e r  of coal  t o  c o l l a p s e .  The basic r o o f ,  composed 
of sandstone,  i s  n o t  s u b j e c t  t o  co l l apse .  
The mine i s  dangerous because of ga s  and dus t .  The n i n e  v e n t i l a t i o n  
system produces an a i r  f low of 0.45 m/sec a l o n g  t h e  working f a c e ,  0.85 
m/sec i n  t h e  development works, and elsewhere between 0.9 and 1.4 m/sec. 
While rack  tempera tures  remain more o r  less c o n s t a n t  throughout  t h e  yea r ,  
t h e  temperature of mine a i r  varies f rom -lOc i n  summer t o  - 6 O c  i n  w in te r  
a t  a d i s t a n c e  of 600 m from t h e  mine opening. 
From 1962 t o  1969, t h e  volume of air e n t e r i n g  t h e  mine w a s  increased  
from about  600 m3/min t o  1,350 m3/rnin. With a summer tempera ture  of +20°C 
a t  t h e  mine opening, t h i s  r e s u l t e d  i n  a n  i n c r e a s e  i n  the e n t r y  of h e a t  
i n t o  t h e  s h a f t  from 144 kca l lhour  t o  more than  300 kca l /hour .  Th i s  
change a l t e r e d  s i g n F f i c a n t l y  t he  r a t e  and e x t e n t  of thawing which resulted 
i n  t he  deg rada t ion  of b a r r i e r s  i s o l a t i n g  mined out a r e a s .  
Dust g e n e r a t i o n  has been a problem e s p e c i a l l y  in areas where c o a l  i s  
t r a n s f e r r e d  from one conveyor t o  another ,  Here measured d u s t  concentra- 
3 t i o n s  a r e  as  h i g h  a s  400 mg/m . Dust g e n e r a t i o n  i n  w in te r  i s  more than  
100 t imes as g r e a t  a s  i n  summer, wi th  a t t e n d e n t  d e t e r i o r a t i o n  of working 
cond i t i ons .  There appears ,  however, t o  be a c o r r e l a t i o n  between t h e  
mine a i r  t empera ture  and d u s t  genera t ion ,  w i t h  h ighe r  tempera tures  producing 
s i g n i f i . c a n t l y  less d u s t .  Dust  i s  removed by vacuum from the. mine a i r  a.nd 
depos i ted  on t h e  s u r f a c e  through s p e c i a l  p ipes .  The u s e  of s u c t i o n  t o  
remove d u s t  combined wi th  manual clean up and rock d u s t i n g  i s  the  nost 
e f f e c t i v e  method of d u s t  suppression under below f r e e z i n g  cond i t i ons .  
U n t i l  1962 underground c o a l  haulage w a s  by e l e c t r i c  locomotives hauling 
one t on  cars. A f t e r  1962 a conveyor system w a s  i n s t a l l e d .  
4 . 4  The Sopfosk Depos i t  (Gulf of T ihe i )  (71%'~, 1 2 9 0 ~ ) "  
The depos i t  i s  located on the r i g h t  bank of the Sago River  about 
14 kn s o u t h  of T i k s i  on the  gul f  of Sogo. The mine is connected t o  
T i k s i  by telephone, by l i g h t  v e s s e l s  between J u l y  and September, and over 
the i c e  of the Gulf of Sogo in win te r .  The average annua l  temperature 
h e r e  is -13 . ~ O C ,  wi th  up t o  7 0  days  per  year  having t empera tu re s  below 
-40%. Sixty-two days  of the year have wind speeds,above 30 m/sec, w i t h  
maximum speeds of 52 m / s e c .  B l i z z a r d s  occur f o r  10 t o  15 days  a t  a t i m e .  
>lean annual p r e c i p i t a t i o n  i s  about  240 mm. The c o a l  i s  used f o r  t h e  
town of T i k s i  and a l s o  i n  nearby s e t t l e m e n t s  f o r  f i shermen and geo log i s t s .  
The c o a l  i s  not t r a n s p o r t a b l e  because of i t s  c h a r a c t e r i s t i c s .  
The c o a l  is  a brown coal with a high moisture content, and when 
s t o r e d  a t  above f r e e z i n g  tempera tures  breaks down i n t o  a d u s t  which from 
a p r a c t i c a l  po in t  of view can not  be  t r anspor t ed .  Experiments have shown 
t h a t  t h e  coa l  could be made i n t o  b r i q u e t s .  Product ion  has  been a  func t ion  
of t h e  needs of t h e  l oca l  marke ts  and ranged from 74,500 t o  97,000 tons  
per  year  during the 1960s. The mine is  much more productive than o t h e r  
mines of Yakutiya because of a g r e a t e r  l e v e l  of mechanization and t h e  u s e  
of pillars f o r  roof suppor t  i n s t e a d  of props. 
The f u t u r e  of this mine i s  dependent upon the cour se  of a n  under- 
ground c o a l  f i r e  which s t a r t e d  on A ~ ~ g u s t  8, 1958, because of b r ~ a l c i n g  of 
an e l e c t r i c a l  power c a b l e  i n  Mine 1. The affected a r e a  was isolated and 
h o l e s  d r i l l e d  from t h e  s u r f a c e  t o  measure underground tempera tures  and 
gas content .  Analys is  sho t~s  t h a t  the f i r e  i s  moving northward along t h e  
seam i n  t he  d i r e c t i o n  where t h e  seam outcrops  on the s u r f a c e .  
Continuat ion of the f i r e  may f o r c e  t h e  mine t o  b e  closed down as 
r e s e r v e s  a re  adequate f o r  only 5-6 years .  Possible solutions i nc lude  
s u r f a c e  mining which has demonstrated i ts  p r a c t i c a l i t y  i n  Nor i l ' sk .  
Iluwever, i n  view of t h e  cxcreme low temperatures and h igh  winds of winter ,  
this method may prove very  costly. 
The coal mine is no t  gaseous, but  is  dangerous because of c o a l  dust ,  
which i s  explosive.  The temperature of the  rocks i s  about -10'~. The 
seam is 18.5 - 20 m thick, has  a simple s t r u c t u r e ,  and is c u t  through by 
a  large number of f r a c t u r e s  of up t o  30 c m  i n  wid th ,  each f i l l e d  with ice, 
The seam a l s o  conta ins  i c e  lenses up t o  2.5 m in thickness and 6 m i n  
length. 
4.5 1 l 2  
The Chul'mankansk depos i t  l i e s  i n  Southern Yakutia 20 km t o  t h e  north 
of Chul'man. The region is i n  the permafrost zone and has a severe  con- 
t i n e n t a l  c l imate .  The average a n n u a l  temperature is  -llOc, 50-60 d a y s  
o u t  of t h e  year have temperatures below -40°c, and has sporadic  permzfrost.  
The mine w a s  opened i n  1965-1966 and produced about 100,000 tons per  
year by t h e  end of the 1960s. The roof i s  highly f r ac tu red .  The f r a c t u r e s  
have smooth surfaces  and are sometimes f i l l e d  with ice.  Sudden rock 
falls a r e  common. Fractures i n  t h e  surrounding rock allow water t o  enter 
the mine a t  a r a t e  of about 600 m3 per  twenty-four hour period.  
The mine is not gaseous b u t  is dangerous because of coa l  dus t  explo- 
s i o n s .  The bas ic  means of d u s t  control are rock dusting, clean-up and 
removal of d u s t  in boxes, and removal of dust by the  v e n t j l a t i o n  system. 
Dust genera t ion  i s  s i gn i f i c an t l y  higher i n  winter than i n  summer. 
The mine is only 10-15 cm below t h e  surface ,  and the  coal  pro- 
duced is  h igh  i n  coking qualities and is highly oxidized. 
4.6 Xeryungr i n sk  Surf  a c e  Mine ( 5 7 O ~ ,  1 2 5 0 ~ )  l3  
The Neryungrinsk depos i t  is  s i t u a t e d  40 km t o  t h e  southwest of t h e  
town of Chul'matl at: t h e  moutrll of  the r i v c r  Iieryungry. Thc climate i s  
ex t remely  c o n t i n e n t a l  with an eight-month w i n t e r ,  maximum tempera tures  
r each ing  3 5 ' ~  i n  J u l y  and August, and high winds w i t h  abundant snowfa l l  
o c c u r r i n g  a t  the  end of February and t h e  beginning of March. 
The bowl-shaped d e p o s i t  was opened i n  1968 f o 7 , s u r f a c e  mining with 
t he  e n t i r e  o u t p u t  de s t i ned  f o r  u s e  by the thermal  electric p l a n t  i n  
Chul 'man. Bu l ldoze r s  remove the overburden from May through October and 
scrapers a re  u t i l i z e d  t o  remove t h e  coa l .  I n  1967 t h e  mined produced 
160,735 tons of c o a l  a t  a c o s t  of 2.94R p e r  t on ,  and i n  1968 produced 
122,022 t o n s  at a cost  of 3.79R pe r  ton. 
4.7 Zyryansk Surface Mine ( 6 6 O ~ ,  150 '~ )  14 
"The Zyryansk d e p o s i t  has  been known s i n c e  1936 and c o n s i s t s  of  two 
s e c t i o n s  - the Erozionnyy, l oca t ed  on t h e  l e f t  bank of t h e  Zyryanka r i v e r ,  
and t h e  Buor-Kemyusskiy, - on i t s  r i g h t  bank. Some g e o l o g i s t s  c o n s i d e r  
t h e s e  s e c t i o n s  t o  be d i s t i n c t  d e p o s i t s .  I n  s t r u c t u r e ,  t h e  d e p o s i t  is a 
monocline,  the c o a l  bear ing  deposits of which d l p  t o  t h e  west-southwest 
o I t 1 5  a t  an  a n g l e  of 35-40 . 
The d e p o s i t  could be worked by e i the r  s u r f o c e  o r  underground methods. 
The coals a r e  l o w  i n  s u l f u r  and have a s m a l l  m i n e r a l  c o n t e n t ,  The coking 
c h a r a c t e r i s t i c s  of t h e  coals  vary ,  b u t  s m a l l  amounts of adequate  coke 
have been ob ta ined .  Dur ing  t h e  1940s a few thousand t o n s  of c o a l  were 
mined manually by Da l ' s t roy  and  made i n t o  adequate  coke. 
The Erozionnyy s e c t i o n  was f i r s t  worked underground beginning i n  1935, 
a t a s k  eased by the  s i z e  of t h e  seams (3-6 m ) ,  their 25-30' d i p  and the  
s t r e n g t h  of t h e  f r o z e n  sandstones and shales forming t h e  r o o f s  and foot- 
walls, which have a temperature ranging from - 3 ' ~  t o  - 6 ' ~ .  The shortage 
of und2rground machinery l c d  t o  the changeover t o  s u r f a c e  mining. The 
technique involved blasting the coal and removal downhil l  by bul ldozer .  
The surface is s t r i p p e d  f o r  150 m along t h e  seam i n  t h e  summertime. 
S t r ipp ing  i s  made e a s i e r  by mel t ing  and thawing of t h e  overburden. Bull-  
dozers were used exc lus ive ly  through 1967, and then  excavat ing  machinery 
was in t roduced  in  1968. The coal is transported t o  a s t o r a g e  area on the 
banks of t h e  Kolyma River by t r u c k - t r a i l e r s  during t h e  winter  and then 
shipped d u r i n g  t h e  summer. During coal  loading  and w h i l e  working the  
face  a t  tempera tures  below -40°c, l a r g e  amounts of coal d u s t  are generated, 
which reduces  v i s i b i l i t y  and causes  o the r  d i f f i c u l t i e s .  However, no mea- 
su res  have been taken t o  reduce  dust gene ra t ion  o r  t o  improve v i s i 3 i l i t y .  
Coal loaded from the open pits t o t a l e d  79,100 tons i n  1960, 141,600 
tons in 1966, 115,900 i n  1967, and 102,200 i n  1968. The average ash content 
of the  c o a l  mined is about  12X. P r o d u c t i v i t y  ranged from 71.6 tonslman- 
month i n  1960 t o  102.6 tons/rnan-month i n  1966, with c o s t s  pe r  t o n  of c o a l  
ranging from 5.47 r u b l e s  i n  1966 t o  8.33 r u b l e s  p e r  t o n  i n  1968. I n  1950, 
coal c o s t  12  rub les  per ton.  Low p r o d u c t i v i t y  and high cos t s  are evi- 
dence of a n  inadequate  l e v e l  of technology. The s e l l i n g  c o s t  pe r  ton of 
Zyryansk coa l  was e s t a b l i s h e d  a t  7.45 r u b l e s  with an ash content of 17X 
in the year 1967. 
Surface mining of the Erozionnyy s e c t i o n  s t a r t e d  i n  the ear ly  1960s. 
The coal  mined i s  s u b j e c t  t o  weathering and has a n  average  c a l o r i c  con ten t  
of about 4,500 k c a l  p e r  kg. It is  d i f f i c u l t  t o  t r a n s p o r t ,  and i s  f requent ly  
t ranssh ipped  on i t s  way t o  consumers, sometimes as many as  t e n  t imes,  
which has r e s u l t e d  i n  enormous l o s s e s  and the  gene ra t ion  of much dust. 
The c o a l  is planned t o  be t h e  main energy source  f o r  t h e  Kolyma Basin 
and s p e c i f i c a l l y  for the i n d u s t r i a l  c e n t e r s  of Peveksk and B i l i b i n s k .  
T o t a l  coal costs ,  showing the impact of t r a n s p o r t a t i o n ,  d e l i v e r e d  a t  the 
p o r t  of Pevek are: 6.83 R f o r  mining, 8.45 R f o r  t r u c k  t r a n s p o r t ,  and 
45.29 R per  ton  f o r  water  t r a n s p o r t a t i o n .  The tof;srl c o s t  pe r  t on  of 
c o a l  de l ive red  a t  Pevek amounts, t h e r e f o r e ,  t o  60.57 r u b l e s . .  
Underground mining would be more expensive, but t h e  q u a l i t y  of t h e  
c o a l  would be much better, averaging  6,300 kcallkg. The c o s t s  f o r  under- 
ground mining a r e  9.7 r u b l e s l t o n  f o r  mining, 8.45 rubles f o r  t r u c k  t r ans -  
p o r t a t i o n ,  45.29 rub les  f o r  water  t r a n s p o r t a t i o n ,  f o r  a t o t a l  cost of 63.44  
r u b l e s  per  ton.  However, if the quality of t h e  coa l  i s  t aken  i n t o  con- 
s i d e r a t i o n ,  t h e  c o s t  p i c t u r e  i s  q u i t e  d i f f e r e n t .  The c o s t  of one ton  of 
"bas ic  fue l "  delivered a t  Pevek is 94.4 rubles per t o n  mined by s u r f a c e  
methods, b u t  only 70.5 r u b l e s  per t o n  mined underground. The cost csti- 
mates f o r  underground mining a r e  based on t h e  actual c o s t s  of underground 
mining f o r  t h e  first q u a r t e r  of 1963 i n  t h e  Arkagal insk iy  mine adminis- 
t r a t i o n .  
A t  t h e  p re sen t  t ime t h e  ~ a l ' s t r o y p r o y e k t  I n s t i t u t e  a t  Magadan is 
developing a p l a n  f o r  underground mining of the Buor-Remyusskiy s e c t i o n  
w i t h  working des igns  be ing  developed by t h e  Vos ts ibgiproshakht  I n s t i t u t e  
i n  Irkutsk. The mine is to have a planned capacity of 450,000 tons  per  
year which should supply  the needs of t h e  Kolyma b a s i n  as w e 3 1  as t h e  
consumers along t h e  c o a s t  of t h e  A r c t i c  Ocean. I n  t h e  meantime, t h e  
Vostsibgiproshakt I n s t i t u t e  completed a p lan  f o r  r e b u i l d i n g  t h e  ex i s t i ng  
Erozinnyy section facilities in o r d e r  t o  supply  t h e  needs of consumers 
i n  t h e  Kolyrna bas in  and Flagadan o b l a s t ' .  
4.8 The Kangalassk Surface Mine ( 6 2 $ ' ~ ,  129'~) 16 
The Kangalasskoye d e p o s i t  i s  l o c a t e d  on the l e f t  bank of the' Lena 
River 45 km below Yakutsk. The s e c t i o n  being mined i s  situated 4 km 
from t h e  Lena. The c l ima te  i s  ext remely  c o n t i n e n t a l ,  w i t h  a n ' a v e r a g e  
s u m m e r  temperature of 16.4OC and an extreme h igh  of 37.g0c. The w i n t e r  
ex t reme low i s  -65'~. The average  snow d e p t h  equa l s  37.1 cm.  The 
r i v e r  Lena i n  the  Yakutsk area b reaks  up near  the end of May and f r e e z e s  
i n  t h e  middle of October, w i t h  t h e  r iver  having about 155 ice f r e e  days. 
Permafros t  reaches  200 m i n  depth .  The d e p o s i t  i s  connected to Yakutsk 
with d i r t  roads  which cannot be d r i v e n  by heavy t rucks  d u r i n g  the ra iny 
season  and which i n  some y e a r s  a r e  covered by flood waters .  
The r iver  r o u t e  t o  Yakutsk is used f o r  no t  more than f o u r  months of 
t h e  yea r ,  and coal  t r a n s p o r t  is  complicated by t h e  f a c t  t ha t  the r i v e r  
nea r  t h e  c o a l  s t o r a g e  a r e a  i s  shallow. U n t i l  1964 the  c o a l  mine had 
i t s  own steam turbine f o r  e l e c t r i c i t y .  L a t e r  a d i e s e l  i n s t a l l a t i o n  was 
s u p p l i e d ,  and then t h e  mine was s u p p l i e d  w i t h  e l e c t r i c i t y  from the Yalcutslc 
c e n t r a l  e l e c t r i c a l  s t a t i o n .  
The Kangalasskoye brown c o a l  d e p o s i t  i s  i n  t h e  Lena-Vilyuy lowland 
and i s  of Mesozoic age. The coal seams are c u t  by i c e  f i l l e d  f r a c t u r e s .  
F re sh ly  mined c o a l  has a complex s t r u c t u r e  and i n  s t o r a g e  q u i c k l y  loses 
m o i s t u r e  and breaks up i n t o  i r r e g u l a r l y  shaped small p ieces .  The c o a l  
t u r n s  i n t o  d u s t  i f  s t o red  f o r  p e r i o d s  of up t o  t w o  years. The coal i s  
s u b j e c t  t o  spontaneous i g n i t i o n  and catches f i r e  i f  s to red  more than 
f o u r  months i n  p i l e s  higher  than  t h r e e  meters. The c o a l  i s  good energy 
coal  and reserves are  es t imated  a t  6,385,600,000 tons .  
The Rudnyy seam has been mined s i n c e  1929. Formerly t h e  room and 
pillar system was used, and from 1950 t o  1962 r e t r e a t  long wall mining 
was employed. The c o a l  was t r anspor t ed  t o  t h e  main haulage way by con- 
veyors .  
E l e c t r i c  locomotives p u l l i n g  3-ton c o a l  cars were used t o  move t h e  
coal to a r e c e i v i n g  bunker w i th  a capacity of 50 tons, from which the  
c o a l  was moved t o  the s t o r a g e  area on t h e  bank of t h e  Lena by means of a 
conveyor. Wooden props, l o c a l l y  made, were used fo r  roof suppor t .  
A s  a r e s u l t  of an underground fire i n  1961, a l l  underground mining 
ceased i n  1962. Coal product ion underground was 2,400 tons  i n  1930, 
22,500 t o n s  i n  1941, 31,700 tons  i n  1946, 40,300 tons  in 1950, 84,100 tons  
i n  1956, and 57,600 tons  i n  1960. P roduc t ion  from s u r f a c e  mining was 
114,000 t o n s  i n  1960, 262,200 tons i n  1963, and 449,400 tons  i n  1967. 
S u r f a c e  mining i s  by means of a system of t renches .  Excavators  mine 
t h e  c o a l  which is  t r anspor t ed  by dump trucks. The f rozen  rock  overburden 
i s  broken by b l a s t i n g .  Two excava to r s  a r e  used f o r  mining, each w i t h  a 
3 bucket c a p a c i t y  of 2.5 m . Another diesel excavator  and t h r e e  b u l l d o z e r s  
a re  used for emergencies and f o r  o ther  work. The  mine i s  worked year 
around by three s h i f t s .  
During summer, d u s t  is suppressed  by u s e  of a special wa te r ing  machine. 
I n  any case, t h e  amount of c o a l  d u s t  i n  t h e  a i r  dur ing  t h e  summer is  small. The 
q u a n t i t y  of dust i n  t h e  air d u r i n g  t h e  w i n t e r  has no t  been measured. 
Fiining du r ing  w i n t e r  i s  d i f f i c u l t  because t h e  c o a l  d u s t  reduces  v i s i b i l i t y  
t o  3-5 m. A t  a tempera ture  of -40°c, a fog forms which toge the r  with 
the coa l  d u s t  makes an i c ~ p c n e t r a b l c  cnv i ro~xnent .  The causes of t h i s  fog 
and c o a l  d u s t  format ion  have not  been studied. 
4.9 General  Comments 
With t h e  steady growth i n  popula t ion  and dwindl ing  wood supp l i e s  
near settlements, coal mining w i l l  increase. I n  those areas where coal 
is now picked up manually,  nines will develop. I n  the pas t  many mistakes 
have been made i n  p lanning  mines because t h e  f a c t o r s  of permafrost  and 
low temperature w e r e  ignored.  The advantage of, permafros t  l i e s  p r imar i ly  
i n  reduced roof suppor t  c o s t s  and lessened w a t e r  problems. Measurements 
i n  t h e  Sangara d e p o s i t  show t h a t , t h e  bea r ing  s t rength  of rocks  i s  35 t o  
40% higher  a t  a tempera ture  between -5 and -10 '~  than it is a t  a warmer 
temperature.  17 
I n  s p i t e  of t h e  i n t r o d u c t i o n  of advanced technology the acc iden t  ra te  
f o r  underground work does  not  appear to have changed s i g n i f i c a n t l y  be- 
tween 1965 and 1968. Most acc iden t s  occur i n  t h e  Sangara mine which u t i -  
l i z e s  more manual lnbor  than t h e  o the r  mines. 18 
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1 5.1 Kadykchnnsk Mine 
Coal in t h e  Magadan oblast' i s  used f o r  energy production i n  the 
area with some being exported t o  t h e  upper reaches of the I n d i g i r k a  River 
basin .  The Arkagalinsk coal bas in  l i e s  i n  the  cen te r  of Magadan oblast' 
on t h e  left bank of the upper Kolyma River i n  a region w i t h  an  extremely 
c o n t i n e n t a l  climate. The mean annual a i r  temperature is  -13.2O~, with 
temperatures dipping t o  -58O~ i n  December and January and r i s i n g  to 2 6 ' ~  
i n  June  and July .  Mean annual  wind speeds equal 2.6 m/sec and n o r t h  and 
northwest winds predominate. Relative humidity v a r i e s  between Gl% and 
78%. 
Coal from the Arkagalinsk b a s i n  is  the fuel f o r  the c e n t r a l  p o r t i o n s  
of the o b l a s t '  and is shipped t o  Nagadan. It is  t h e  main energy source 
i n  the region.  The Kadykchansk area of the Arkagalinsk coa l  bas in  i s  
worked w i t h  f i v e  i n c l i n e s  for v e n t i l a t i o n ,  movement of m a t e r i a l s ,  movement 
of workers, and t h e  removal of rock and coal .  The main i n c l i n e  has a 
l e n g t h  of 225 meters wi th  a cross sect ion of 10 m2 a t  t h e  maximum, and is  
equipped w i t h  a 900 mrn gauge r a i l r o a d  and two LKU-250 conveyors. The 
seams have a n  irregular d i p  r ang ing  from 0 t o  50' and t h e  mine i s  assigned 
t o  ca tegory  I1 i n  terms of gas and t h e  danger of coal  dust explosion.  
Coal i s  mined by the  d r i l l ing -exp los ion  method, u s ing  e l e c t r i c  d r i l l s .  
Two types  of room and p i l l a r  methods a re  u t i l i z e d ,  The p r i n c i p a l  economic 
i n d i c a t o r s  a re :  room l eng th ,  up t o  80 m; c o a l  recovered,  26%; coal  l o s t  
i n  t h e  area,  23%; p roduc t iv i ty  of labor,  25 tonslshift a t  the working 
face ;  and 9 . 2  tonslsl l i f  t i n  t h e  working area. The operating cost  (evi-  
d e n t l y  underground) i s  1.14 r u b l e s  p e r  ton.  
This is  one of the  f i r s t  mines t o  employ a m%ne air hea t ing , sys t em.  
The v e n t i l a t i o n  system involves  s u c t i o n  with an a i r  f l o w  of more t h a n  
3 3,500 m /minute. The a i r  e n t e r i n g  t h e  mine comes ~Erom f r a c t u r e s  and from 
t h e  e n t r i e s  and has  a speed of up to 1 m/sec and du r ing  the w i n t e r  con- 
3 tains more than 300 mg of coal  dust pe r  m . The c o a l  d u s t  c o n t e n t  of the 
mine air varies according t o  t h e  t y p e  of ope ra t ion .  The d u s t  concent ra -  
tion r anges  from 20 - 1,100 rng/rn3 a t  conveyor t r a n s f e r  p o i n t s ,  from 45  - 
1,200 a t  the t i p p l e ,  20 - 400 i n  scraping operations, and SO - 150 mg/m 3 
i n  d r i l l i n g .  
Dust: suppress ion  i s  c a r r i e d  ou t  by means of c l ean ing  up dust i n  
p a r t i c u l a r l y  bad areas and t r a n s p o r t i n g  i t  to  t h e  s u r f a c e  i n  c l o s e d  bags, 
dusting r o o f s , , w a l l s . a n d  f l o o r s  w i t h  i n e r t  d u s t ,  removal by s u c t i o n  through 
f r a c t u r e s  t o  t h e  surface and through s m a l l  f i l t e r s ,  removal by t h e  mine 
v e n t i l a t i o n  air, and the use of i n d i v i d u a l  r e s p i r a t o r s .  
In the future, coal w i l l  be mined i n  t h i s  area i n  t h e  zone of t r a n -  
s i t i o n  between the permafrost and the unfrozen  area below t h e  permafros t .  
From a prac t ica l  poin t  of view, the transition zone can be de f ined  as that 
area with a temperature of -1 . ~ O C .  Based on exper ience  elsewhere,  a 
tempera ture  of OOC w i l l  be reached i n  various places w i t h i n  a rock  layer 
when the g e n e r a l  temperature of t h e  r o c k  r eaches  -1 . ~ O C  dur ing  t h e  w i n t e r  
pe r iod .  This i s  without hea t  being added t o  t h e  a i r  which e n t e r s  t h e  mine. 
I n  a zone c o n t a i n i n g  talik, one can v i s u a l l y  observe  i ce  mel t ing  i n  
small  c r a c k s  i n  t h e  rock when the  temperature reaches -l.loc. Under 
these cond i t ions ,  t h e  roof will begin t o  crack and spa11  throughout i t s  
e n t i r e  l e n g t h .  The r e s u l t  can b e  sudden roof c o l l a p s e .  Th i s  occurrence 
i s  a s s o c i a t e d  i n  t he  Chul'makansk d e p o s i t  with an i n c r e a s e  i n  humidity. 
A s  a r e s u l t ,  e v i d e n t l y ,  of mineralization of the water, water  flow changes 
from mig ra t ion  t o  act ive f i l t r a t i o n ,  which causes<nurnerous sudden inc i -  
d e n t s  of roof  c o l l a p s e  in t he  p repa ra to ry  and working excavat ions.  Rock 
p re s su res  a l s o  i n c r e a s e  as a  r e s u l t  of t h e  weakening of the  cement i n  t h e  
va r ious  rock l a y e r s .  
5.2 Anadyr ~ e ~ o s i t ~  
The Anadyr deposit is l oca t ed  i n  the Anadyr rayon of the Chukotsk 
National  Circle. A t  p r e s e n t ,  t h e  Ugol'nyy s e c t i o n  is  worked. It is  
loca t ed  on t h e  c o a s t  of t h e  Gulf of Anadyr 6 km from t h e  c i t y  of Anadyr' 
near t h e  mouth of the river Ugol'naya. The reg ion ,  being close t o  the 
sea, has a  moderate c l i m a t e  f o r  i ts  latitude. The mean annual  a i r  tempera- 
t u r e  i s  -7.7'~ and the relative humidity is  75-86%. Temperatures reach 
lZOc i n  J u l y  and August and drop  t o  - 3 3 ' ~  i n  December and January. Winter 
i s  c h a r a c t e r i z e d  by h igh  winds and b l i z z a r d s .  The d e p o s i t  h a s  been worked 
cont inuous ly  s i n c e  1923. Permafrost  i n  some areas has a thickness of 
n o r e  than  100 m. Rock tempera tures  vary between -3% and 0.5%. The 
lower l i m i t  of permafros t  i s  a t  a depth  of about  95 m. 
The room and p i l l a r  mining system i s  employed. The prepa ra to ry  works 
a r e  developed with the aid of drilling and e x p l o s i v e s  and c o a l  i s  mined 
i n  t h e  same way. Coal i s  t r anspor t ed  by conveyors.  Coal loss  averages 
about 60%. The mine v e n t i l a t i o n  i s  by fan,  w i t h  the v e n t i l a t i o n  rate 
3 up t o  550 m / m i . n .  Gas has n o t  been noted i n  t h e  mine, b u t  the mine is  
considered dangerous because of c o a l  d u s t .  The d u s t  con ten r  i n  t h e  mine 
atmosphere -is s m a l l  and i n  the  p l a c e s  of d u s t  g e n e r a t i o n  does  n o t  exceed 
3 150-170 mg/m . R e l a t i v e l y  good working c o n d i t i o n s  r e s u l t  f rom favorab le  
geologic cond i t i ons ,  t h e  sha l low p i t c h  of t h e  seams, the  high q u a l i t y  of 
t h e  roof and w a l l s ,  and t h e  h igh  mois ture  con ten t  of t h e  atmosphere.  
5.4 Coal Gulf Deposit (Bukhta Ugol'naya) 3 
Near t h e  s e t t l e m e n t  of Nagornyy on t h e  coast of t h e  Anadyr Gulf i s  
a coal  mine of t h e  Bering Mine Adminis t ra t ion  which has been in operation 
s ince  1940. The c l imate  i s  inf luenced  by the sea ,  w i t h  a mean annual  a i r  
temperature of -4.2 '~ and a January temperature range of 1 3 O C .  The lowest 
mean temperature occu r s  i n  February and i s  -23Oc. Winter  is  c h a r a c t e r i z e d  
by b l i zza rds  w i t h  wind speeds  above 40 m/sec, Summers are c o o l ,  and i n  
J u l y  tempera tures  v e r y  seldom r i s e  above 12 '~ .  
A l l  e x i s t i n g  mine excava t ions  a r e  w i t h i n  the  200 m t h i c k  l a y e r  of 
permafrost which is c u t  by a mass of f r a c t u r e s  w i t h  a width of up t o  30 cm, 
some of which do n o t  con ta in  i c e .  
Mining is underground. K i n e  entrances and above ground works a r e  
composed of concrete, w h i l e  underground roofs are suppor ted  by timbers o r  
l e f t  unsupported. 
lieasurements i n d i c a t e  t h a t  t h e  mine atmosphere has above f r e e z i n g  
tempera tures  i n  summer and below freezing t empera tures  i n  w in te r .  I n  
August t h e  r o o f s  thaw t o  a d i s t a n c e  of 1.5 m and t h e  f o o t w a l l s  0.5 m, 
which is almost t h r e e  t imes  t h e  dep th  of thaw of o t h e r  mines i n  permafrost .  
Coal d u s t  i n  t h e  mine exceeds h e a l t h  nornls and in w i n t e r  i s  twice  
a s  great  as  i n  summer. Dust suppres s ion  techniques i n c l u d e  c l e a n  up and 
removal of d u s t  t o  t h e  surface, removal by t h e  a c t i v e  f low of ventilation 
a i r ,  u t i l i z a t i o n  of i n e r t  d u s t  and t h e  u t i l i z a t i o n  of i n d i v i d u a l  r e s p i r a -  
tors. The below f r e e z i n g  temperatures of t h e  mine atmosphere and t h e  
rock prevent  t h e  u t i l i z a t i o n  of wa te r  f o r  dust suppress ion ,  which would 
invo lve  significant c o s t s .  
4 5.4 The Thermal Regime and Dust Generat ion 
A t  t h e  present  time t h e  economic p r a c t i c a b i l i t y  of mining t h e  extremely 
r i c h  and abundant minera l  wea l th  of t h e  no r theas t e rn  part  of t h e  coun t ry  
depends on t h e  s c i e n t i f i c  r e s o l u t i o n  of the ques t ions  of conduct ing  in-  
d u s t r y  i n  t h e  North, and f i r s t  and foremost t h e  conduct of mining. Thus, 
f o r  1967,  i n  t h e  Yakutslc ASSR more t han  70% of t h e  c a p i t a l  inves tment  was 
i n  mining e n t e r p r i s e s  and i n d u s t r i e s  and i n  related s e r v i c e s ,  The gross  
product ion  of mining e n t e r p r i s e s  f o r  t he  same period amounted t o  more than 
80% of t h e  t o t a l  product ion.  
Numerous r e s e a r c h e r s  on t h e  mines of t h e  North have demonstrated t h e  
great i n f luence  of t h e  thermal  r e g h e  on t h e  e f f e c t i v e n e s s  01 mining. The 
thermal  regime in f luences  t h e  p roces ses  of mass thermal exchange between 
t h e  mine atmosphere and t h e  rocks ,  which determines t h e  s t a b i l i t y  of t h e  
r o o f s ,  the  processes  of d u s t  gene ra t ion ,  t h e  h e a l t h  and s a n i t a r y  c o n d i t i o n s  
i n  t h e  mines, t h e  d i s t r i b u t i o n  of a i r  i n  t h e  mine, and t h e  l eakage  of the 
v e n t i l a t i o n  s t r u c t u r e s ,  i . e .  on a l l  f a c t o r s  which de termine  t h e  economic 
e f f e c t i v e n e s s  of mining. 
Only t h e  mines of t h e  N o r i l ' s k  Mining Meta l lu rg i ca l  Combine are equipped 
w i t h  mine a i r  heat ing  equipment,  t h a t  is, have a r egu l a t ed  thermal re-  
gime. A l l  the o t h e r  mines i n  the  nor theas te rn  p a r t  of the  country u t i l i z e  
the  n a t u r a l  thermal  regime of the  rocks. 
The c h a r a c t e r i s t i c s  of the  n a t u r a l  thermal reglme a r e  as  fol lows.  
The temperature of t h e  mine a i r  along t h e  l eng th  of the  v e n t i l a t i o n  way is  
determined by t h e  surface  a i r  temperature, Within the  f i r s t  1800 'm a long 
0 t h e  v e n t i l a t i o n  e n t r y  the  temperature v a r i a t i o n  may,,be a s  high as 60 C. 
Thus i n  the excavations of the  mines of Dzhebariki-Khaya (Yakutia) dur ing  
t h e  win te r  t h e  incoming a i r  has a  temperature of as l o w  a s  -62'~, while 
a t  t h e  exit Erom a longwal l  face i t  had a  temperature of -ZOc i n  January 
1968. The temperature of the mine a i r  v a r i e s  sharply  along t h e  f i r s t  
200 m of t h e  v e n t i l a t i o n  entry.  I n  Haulage Entry 13 of t h e  Eas tern  Mine 
(Nor i l ' sk  Combine) t h e  tenpera ture  of t h e  mine a i r  increased Erom -37O~ 
t o  -20°C between 105 and 205 n wi th in  t h e  s h a f t .  Along the  haulage e n t r y  
of t h e  Western Coke Mine ( ~ o r i l ' s k  Combine) i n  Ju ly ,  1963, the temperature 
of the mine a i r  along the  f i r s t  100 rn decreased from 28OC t o  1 4 ' ~ .  
The temperarure of the mine a i r  along t h e  v e n t i l a t i o n  way f u r t he r  
i n  than 1,800 m from the  mouth i s  c l o s e  t o  t h e  temperature of the surround- 
i n g  rock and v a r i e s  from it  no more than 1.5O~. 
The hea t ing  of rocks t o  above f r e e z i n g  temperatures i s  noted along t h e  
entries i n  summer f r o n  a d i s t ance  of 500 t o  1,200 m from the  mouth. The 
l i m i t  of mel t ing  moves f a r t h e r  i n  from t h e  p o r t a l  each year. 
Dust content  is  inverse ly  r e l a t e d  t o  a i r  temperature. In  winter ,  
dus t  concentratio11 i n  the a i r  is ten t imes g r e a t e r  than i n  summer. 
~ o o f  s t a b i l i t y  i n  areas with a  temperature below - 5 ' ~  is up t o  twice 
a s  g rea t  a s  roof s t a b i l i t y  under a temperature above 2 ' ~ .  
The n a t u r a l l y  warm temperatures  of mine openings d u r i n g  t h e  summer 
p e r i o d ,  and the  o p e r a t i o n  of v e n t i l a t i o n  a i r  h e a t e r s  during t h e  win ter  
time, causes  s i g n i f i c a n t l y  increased  expend i tu re s  f o r  maintenance. 
The thermal  mass exchange between t h e  mine a i r  and t h e  rocks  has a 
r egu la r  c y c l i c  character dur ing  t h e  course  of t h e  year. Thus i n  t h e  
winter and i n  t h e  summer per iods  t h e  h e a t  f low changes i t s  d i r e c t i o n  from 
the rocks  t o  t h e  a i r  and v i c e  ve r sa .  The process  of thermal  mass exchange 
determines t h e  mechanism of d u s t  suppress ion  under t h e  c o n d i t i o n s  of t h e  
n a t u r a l  thermal regime. 
The n a t u r a l  thermal  regime works t o  p reven t  spontaneous i g n i t i o n  
s i n c e  most of t h e  working f a c e s  a r e  a t  a d i s t a n c e  of 700 m o r  more from 
the n i n e  mouth, where t h e  c o a l  remains f rozen  and o x i d a t i o n  i s  slow. The 
thermal regime may be r egu la t ed  by having t h e  a i r  entering the mine hea ted  
during t h e  w i n t e r  o r  cooled i n  summer. The problems of r e g u l a t i n g  t h e  
t h e r n a l  regime have been most thoroughly s t u d i e d  by t h e  s c i e n t i f i c  workers  
of t h e  Leningrad >lining I n s t i t u t e  under t h e  leadership of Doctor of 
Technical  Sciences, Pro fes so r  Yu. D. ~ y a d ' k i n .  
The main sou rces  of d u s t  genera t ion  are drilling and b l a s t i n g ;  coa l  
mining and development of prepara tory  work; a l l  forms of loading and 
t r a n s p o r t i n g  coal on conveyors; and t r a n s f e r r i n g  coal from conveyors i n t o  
c o a l  c a r s .  
The most e f f e c t i v e  methods of d u s t  c o n t r o l  under the  n a t u r a l  thermal  
regime i s  t o  remove it through t h e  use of a s u c t i o n  mine a i r  v e n t i l a t i o n  
sys t em.  Low p r e s s u r e  i s  c rea t ed  i n  the mine air by a suction dev ice  
which passes t h e  c o a l  d u s t  through f i l t e r s  o r  removes i t  t o  t h e  su r f ace .  
The removal of d u s t  i n  mine air, c l ean ing  up c o a l  d u s t  and placing it  i n  
s p e c i a l  boxes o r  sacks f o r  removal t o  t h e  surface, and rock  d u s t i n g  a r e  
q u i t c  e f fec t ive .  
In the mines of t h e  ~ o r i l ' s k  Combine, where t h e  t empera tu r e  is re- 
gula ted  during t h e  e n t i r e  year, dust i s  suppressed by s p r i n k l e r s  a long 
the e n t i r e  length of the t r a n s p o r t a t i o n  e n t r i e s .  
Any d i scuss ion  of t h e  mine d u s t  problem s h o u l d . a o t e t h a t  i n  gene ra l  
d u s t  genera t ion  i n  t h e ' m i n e s  of Yakutia  and Magadan o b l a s t '  is  s i g n i f i -  
c a n t l y  lower than  i n  t h e  mines of o t h e r  bas ins  of the count ry  inc lud ing  
t h e  mines of t h e  N o r i l ' s k  d e p o s i t .  The general lower l e v e l  of d u s t  is 
expla ined  by t h e  h igher  mo i s tu re  con ten t  of the  c o a l s  and by t h e i r  i c e  
con ten t .  Thus, i n  the  Sogo mine t h e  mois ture  con ten t  of t h e  c o a l  exceeds 
40%. Tn t h e  c o a l  of t h e  ~ h t o l ' n e v o  seam of the Chul'mankansk d e p o s i t  
t h e r e  e x i s t s  a year  around water  c i r c u l a t i o n  w i t h  a f low of up t o  800 m'
per  twenty-four hour per iod .  
There a r e  s e v e r a l  exp lana t ions  f o r  t h e  i n c r e a s e  i n  d u s t  con ten t  i n  
w in te r .  One is  suggested by the  behavior  of t h e  tensile s t r e n g t h  of t h e  
surrounding rock. Thus, t h e  t e n s i l e  breaking p o i n t  of t h e  Arkagal insk 
sands tones  i n  the unfrozen c o n d i t i o n  w i t h  a moi s tu re  content of 4% is 
about  17 kg/cm2, whereas under a tempera ture  of -15OC and with t h e  same 
2 moisture con ten t ,  i t  rises t o  31 kg/cm . The compressive breaking po in t  
does  not  change, but t h e  r o c k  becomes twice as b r i t t l e .  Consequently,  
under t h e  same mechanical i n f l u e n c e s  on c o a l ,  d u s t  g e n e r a t i o n  w i l l  i nc rease  
many t imes,  which corresponds t o  observa t ion .  
Another explana t ion  has  t o  do w i t h  t h e  mechanism of condensat ion 
processes .  Thus, during t h e  w in te r  per iod when t h e  a i r  e n t e r i n g  t h e  mine 
has  a temperature s i g n i f i c a n t l y  lower than  t h a t  of t h e  rocks ,  and a very 
low a b s o l u t e  humidity, the  a i r  i s  warmed and takes  mo i s tu re  from t h e  
rocks .  A s  a r e s u l t  of t h e  a b s o r p t i o n  of mois ture  by t h e  a i r ,  mois ture ,  
which u p  t o  t h i s  po in t  held t h e  p a r t i c l e s  of dus t  t oge the r  and prevented 
t h e i r  breakup i s  taken from t h e  rocks .  The subl imat ion  of i c e  c o n t r i -  
b u t e s  t o  t h i s  process .  
During the  summer, the r e v e r s e  occurs .  Then the  a i r  e n t e r i n g  t h e  
mine has  a high  temperature and moi s tu re  content  and i s  cooled ,  s o  that 
condensa t ion  occurs .  The condensa t ion  of mois ture  occurs  f i r s t  around 
the  c o a l  d u s t  p a r t i c l e s  which a r e  i n  a suspended cond i t i on .  These pre- 
c i p i t a t e  o u t  of the  mine a i r  and c o l l e c t  a long the w a l l s  and t h e  f l oo r .  
The d u s t  con ten t  i n  t h e  a i r  is  s h a r p l y  reduced, whi le  a t  t h e  same time 
t h e  p roces s  of d u s t  formation i s  slowed down. Both t h e  tens i le  s t r e n g t h  
and t h e  b r i t t l e n e s s  of rock d e c r e a s e s  with i nc reas ing  tempera ture  which 
r e s u l t s  i n  a lowered intensity of dust formation.  [EL note:  Whi le  b r i t -  
t l eness  c e r t a i n l y  c o n t r i b u t e s  t o  d u s t  formation,  t h e  e f f e c t  of i n c r e a s i n g  
t e n s i l e  s t r e n g t h  i s  debateable .  The u l t i m a t e  cause,  of course ,  i s  shr ink-  
i n g  due  t o  dehydrat ion.  Beyond t h a t  the mechanical p r o p e r t i e s  of t h e  c o a l  
t a k e  over . ]  
Other r e s e a r c h e r s  (Kudryashov, Voronina, 1969) e x p l a i n  t h e  seasona l  
v a r i a t i o n  i n  d u s t  concen t r a t ion  i n  a suspended cond i t i on  by t h e  inc reased  
c a p a c i t y  of mois ture  p a r t i c l e s  t o  adhere  t o  a f rozen  o b j e c t  as  the tempera- 
ture of t h e  o b j e c t  increases and approaches the f r e e z i n g  (or  thawing) 
p o i n t .  The general u t i l i z a t i o n  of e l e c t r o l y t e s  f o r  t h e  b a t t l e  w i t h  d u s t  
is recommended. I t  is s t a t e d  t h a t  t h e i r  u t i l i z a t i o n  w i l l  i n c r e a s e  t h e  
adherence  c a p a c i t y  of p a r t i c l e s  under below f r e e z i n g  cond i t i ons .  I n  t h i s  
r e g a r d ,  t h e  d u s t  suppression e f f o r t  under  below f r e e z i n g  temperature 
c o n d i t i o n s  should s t r e s s  t h e  u s e  of water  d u s t  c o n t r o l  systems i n  a l l  
t h 2 i r  nodifications ( f o r  cxamplc, s a l t  water) ,  w i t h  o the r  measures, in-  
c l u d i n g  t h e  r e g u l a t i o n  of mass exchange p roces ses ,  p lay ing  a subord ina t e  
r o l e .  
Water d u s t  suppress ion  systems have been t e s t e d  under permafros t  
c o n d i t i o n s ,  and can  be  u t i l i z e d  i n  mining, t a k i n g  i n t o  c o n s i d e r a t i o n  t he  
reduced moi s tu re  absorp t ion  c a p a c i t y  of c o a l  d u s t  under l o w  tempera ture  
c o n d i t i o n s .  However, i n  s p i t e  of t h e  e f f e c t i v e n e s s  of many methods, 
from a p r a c t i c a l  po in t  of view only  one is  used: water ing  c o a l  on the  
conveyors,  and t h i s  only i n  t h ~  mines of t h e  Nor i l ' sk  Combine and on the 
i s l a n d  of Spi t sbergen .  Any of t h e  systems of u s ing  water  f o r  d u s t  sup- 
p r e s s i o n  l e a d  t o  such high economic costs that i n s t a l l i n g  them i n  t h e  l o w  
product ion  mines of Yakutiya and Magadan o b l a s t '  would involve  extreme 
d i f f i c u l t i e s .  Dust suppression water systems a long  t h e  hau lage  way and 
d u s t  suppres s ion  under t h e  r egu la t ed  thermal  regime i n  mines can be under- 
t aken  only  by us ing  a closed c i r c u l a t i n g  p i p e  w i t h  water  heated t o  3 5 ' ~  
a t  t h e  p o i n t  where it e n t e r s  t h e  mine. I n  g e n e r a l  t h e  u t i l i z a t i o n  of water 
systems r e s u l t s  i n  a s i g n i f i c a n t  r e d u c t i o n  i n  d u s t .  I n  May 1963 i n  t h e  
N o r i l ' s k  Combine mines, measurements of d u s t  con ten t  and of t h e  e f f e c t i v e -  
ness of u t i l i z i n g  t h e  moistening a d d i t i v e s  OP-7 were undertaken. I n  t h e  
E a s t e r n  mine t h e  d u s t  content  of t h e  a i r  a t  t h e  loading  p o i n t  i n  t he  
i n c l i n e d  c r o s s  c u t  decreased 46 t imes  ( t o  5 mg/m3); on h o i s t  2 of Seam I V  
i t  dropped f o u r  t imes,  b u t  s t i l l  remained h igh  (GI mg/m3). I n  t h e  C e n t r a l  
mine t h e  d u s t  con ten t  was lowered two t o ' t h r e e  t i m e s .  
I n  t h e  C e n t r a l  and Eas te rn  mines i n d u s t r i a l  experiments  were under- 
taken wi th  the mois ten ing  a d d i t i v e  OP-7, t h e  u t i l i t y  of which under  per-  
mafrost  c o n d i t i o n s  was shown by the work of t h e  Leningrad Mining I n s t i -  
t u t e .  The u t i l i z a t i o n  of t h e  a d d i t i v e  reduced t h e  d u s t  of t h e  mine esca- 
v a t i o n s  two t o  f o u r  t imes,  bu t  t h e  t e c h n i c a l  equipment f o r  utilizing t h e  
a d d i t i v e ,  the heated box and the  p ipes ,  was inadequate .  Because of t h i s ,  
u t i l i z a t i o n  of t h e  a d d i t i v e  increased  t h e  c o s t  of ofie t on  of c o a l  by 
4 kopeks. 
5.5 Flechanical C h a r a c t e r i s t i c s  of Permafrost, t h e  Thermal Regime of 
Mining Excavations and Dust Genera t ion  
The r epea t ed  f r e e z i n g  and thawing of rocks ,  and t h e  deep p e n e t r a t i o n  
of water ,  alter t h e  phys i ca l  and mechanical p r o p e r t i e s  of permanently 
f rozen  rocks .  Many y e a r s  of experience i n  mining i n  permafrost  composed 
of d i f f e r e n t  rock types  confirms t h e  f a c t  tha t  the physical  and mechanical  
p r o p e r t i e s  of  r o c k s  are t o  a l a r g e  e x t e n t  determined by rock temperature,  
under t h e  i n f l u e n c e  of which t h e  mois ture  conta ined  w i t h i n  t h e  rocks  and 
t h e  l e v e l  of cementing of t h e  rocks  i s  changed. Under t h e s e  cond i t i ons ,  
t h e  cementing material i n  t h e  rock, t h e  material which determines s t r e n g t h ,  
i s  water .  A s  I s  known, not a l l  water molecules  are changsd t o  the frozen 
s t a t e  under a temperature below f r e e z i n g .  The re fo re ,  t h e  lowering of 
temperature lends both t o  an i n c r e a s e  i n  cohes iveness  a s  a r e s u l t  of the 
f r e e z i n g  of t h e  water  molecules and a l s o  t o  a r e d u c t i o n  i n  t h e  th i ckness  
of t h e  water l a y e r  surrounding t h e  l a r g e r  par t ic les  of rock,  which changes 
t h e  f o r c e s  of molecular  adhesion. 
Frozen sands ,  c l a y s ,  and a l l u v i a l  d e p o s i t s  can  have t h e  same s t r e n g t h  
and c h a r a c t e r i s t i c s  a s  sedimentary rocks  underground, but completely dis- 
i n t e g r a t e  when brought  t o  the s u r f a c e  and thawed. 
Measurements i n d i c a t e  that s t r e n g t h  of i c e  i s  a f u n c t i o n  of temper- 
a t u r e .  However, t h e  r e s u l t s  vary  from one experiment to ano the r  probably 
because of t he  i n f l u e n c e  of the chemical content of the  ice,  and l e n g t h  
of time it has  been f rozen,  and other factors .  Both exper iments ,and  
exper ience  i n d i c a t e  t h a t  t h e  environmental temperature has l i t t l e  effect 
on t h e  conpress ive  s t r e n g t h  of i ce  b u t  a s i g n i f i c a n t  e f f e c t  on i t s  tensile 
s t r e n g t h .  Lowering of temperature i nc reases  t h e  tensile strength and 
mining exper ience  i n d i c a t e s  t h a t  t h e  roof rocks  a r e  stronger when t h e  
temperature i s  l o w .  
5 .6  Ice S t r e n g t h  i n  Coal Mines 
[ ~ d .  The d a t a  below a r e  as. given i n  t h e  text. Ev iden t ly  Compression 
and T e n s i l e  should be reversed.] 
The Dependence of Ice St reng th  on Temperature 6 
Breaking P o i n t ,  kg/cm2 a t  
Form of t empera ture  i n  CentigraJe 
Author Experiment -2O -5O -lo0 -20° 
V.  N. Pinegin Compression 19 22 2 5 42 
K. N .  Korzhavin I I 7 19 45 - 
V. N. Arnol'd- I1 
Alyab' yev 
V. N. P inegin  T e n s i l e  
B. D. Kartashkin I I 
B. P. Vasenko 11 
1 I With r e s u l t s  r ega rd ing  a b s o l u t e  q u a n t i t i e s  being so d i v e r s e ,  it is 
hardly p o s s i b l e  to u t i l i z e  these data i n  c a l c u l a t i n g  the s i z e s  of p i l l a r s  
or  t h e  unsupported roof  area. Probably t h e  breaking characteristic of ice 
is influenced by t he  chemical content of t h e  water,  freezing c o n d i t i o n s ,  
length of time t h e  water has been f rozen ,  and o t h e r  fac tors . l l  
I t  The e l a s t i c  characteristics of samples was determined i n  the un- 
f r o z e n  and i n  the f rozen  condition. Numerous experiments show d i f f e r e n c e s  
on ly  i n  a b s o l u t e  magnitude. A s  a result of the experiments  conducted, 
i t  i s  possible t o  reach  t h e  fo l lowing  conclusions:  
1. The e n v i r o n ~ e n t a l  temperature has little effect on t h e  breaking 
p o i n t  under compression. Lowering of temperature increases the breaking 
point under tension (stretching)." 
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1 .0  TAXTALUS BUTTE CO& M I N E  
1.1 Locat ion and H i s t o r y  
The Tanta lus  B u t t e  Coal Mine i s  loca t ed  t h r e e  mi l e s  n o r t h e a s t  of t h e  
to\m of Carmacks, Y.T., i n  the Carmacks D i s t r i c t .  The mine s i t e  l i e s  on 
t h e  north bank of the Lewes River a t  62 degrees,  08 minutes  n o r t h  l a t i t u d e  
and 136 degrees, 1 5  minutes  west l ong i tude .  
The coa l  seam near Carmacks has  supported five,, mining o p e r a t i o n s  since 
development began in 1905 with the Tan ta lus  Mine. Coal from this o p e r a t i o n  
s u p p l i e d  fuel f o r  s teamboats  that: ran  from Whitehorse t o  ~ a w s o n ,  b u t  t h e  
mine w a s  phased out: i n  1922 due t o  t h e  high c o s t  of transporting t h e  c o a l  
up and down the r i v e r  to f u e l i n g  p o i n t s .  Another mine i n  the a r e a  caught 
f i r e  i n  t h e  ear ly  1920 ' s  and i s  s t i l l  burning.  Of t h e  f i v e  mines begun i n  
t h e  a r e a ,  only the Tan ta lus  B u t t e  Coal Mine i s  s t i l l  i n  ope ra t ion .  S t a r t e d  
i n  1923 t o  r e p l a c e  t h e  Tan ta lus  Mine, i t  produced from 300 t o  600 tons  a 
year, nos t  of which was used f o r  domestic h e a t i n g  i n  Dawson. For  a per iod  
of t i n e  t h e  Tan ta lus  B u t t e  Coal Mine was owned by United Keno H i l l b U n e s ,  
Ltd. A t  presen t  t h e  mine i s  owned by t h e  Cyprus Anvil Mining Corp. One 
hundred tons of bituminous c o a l  are being produced per day, a11 of which is  
t r a n s p o r t e d  100 m i l e s  by t ruck t o  t h e  Anvil Mine i n  Faro where i t  i s  u s e d  
t o  d r y  o r e  and h e a t  b u i l d i n g s .  An i n s i g n i f i c a n t  amount of f o u r  tons  pe r  
year is produced f o r  domest ic  s a l e s .  
The  Tantalus B u t t e  Coal Mine is loca t ed  a t  t h e  sou th  end of Tantalus 
Bu t t e ,  which rises 500 feet  above the L e w e s  River Valley.  The b u t t e  is 
composed of conglomerate, sandstone,  shale,  and coa l  seams of  the Tanta lus  
formation.  The s t r a t a  strike almost due n o r t h  and d i p  a t  an a n g l e  of 
approx imate ly  50 d e g r e e s  t o  t h e  west.  The area l i e s  i n  the physiographic 
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prov ince  of t h e  Yukon P la t eau ,  b u t  is cha rac t e r i zed  by sma l l  mountain groups 
and i n d i v i d u a l  peaks. The Lewes River meanders ex t ens ive ly  near Carmacks. 
The c l ima te  is  of moderate extremes wi th  a mean annua l  tempera ture  of 
about  30°F. An extreme of -70°F was recorded i n  January,  1975. Freezing 
c o n d i t i o n s  p e r s i s t  from mid-September u n t i l  e a r l y  May. Snowfal l  accounts  
f o r  one-half of the  mean annua l  p r e c i p i t a t i o n  of 15 inches  and t h e  maximum 
snowfa l l  cover  ranges up t o  50 inches  i n  l a t e  March. 
White sp ruce  i s  t h e  predominant tree i n  t h e  reg ipn  and is t h e  chief  
source of t imber and firewood. The area is  covered by g ra s ses ,  and p l a n t s  
c h a r a c t e r i s t i c  of r a t h e r  a r i d ,  n o r t h e r n  i n t e r i o r  c l ima te s .  
The town of Carmcks has  a popu la t ion  of 480 people,  mos t ly  n a t i v e  
Ind ians .  The townsi te  i s  on t h e  s o u t h  bank of t h e  L e ~ ~ e s  River ,  110 mi l e s  by 
g r a v e l  and paved road nor thwes t  of Whitehorse and 100 miles by g r a v e l  road 
west of Faro. Se rv i ce  b u i l d i n g s  i n  t h e  town inc lude  one  grocery  s t o r e ,  two 
gas s t a t i o n s ,  two motels ,  one school ,  two taverns,  and one  government 
b u i l d i n g .  A n a t i v e  v i l l a g e  is s i t u a t e d  d i r e c t l y  ac ros s  the r i v e r .  
1 . 2  Geology 
The Tanta lus  formation is  a c las t i c  assemblage of J u r a s s i c  o r  e a r l y  
Cretaceous age. It u n d e r l i e s  an area of approximately 1 4  s q u a r e  m i l e s  and 
ou tc rops  on both s i d e s  of  t h e  Lewes River just e a s t  of Carmacks. The for- 
mation c o n s i s t s  l a r g e l y  of conglomerate composed of cherty s l a t e  and q u a r t z i t e  
i n  a ma t r ix  of f i n e r  p a r t i c l e s  of the same mate r i a l .  The conglomeiate  beds 
a r e  3 t o  6 feet  t h i c k  and are s e p a r a t e d  by beds of sands tone  3 t o  1 2  inches  
thick. Sha le s  comprise a very smal l  percentage  of the format ion  and t h e  
c o a l  seams a r e  a s s o c i a t e d  w i t h  t h e s e  s h a l e s .  
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The bi tuminous coal  is non-coking, w i t h  8 pe rcen t  ash and low sulfur 
c o n t e n t .  Heat conten t  varies from 11,000 t o  13,500 BTU as mined. N o  cleaning 
of t h e  c o a l  is  done e i ther  a t  the m i n e s i t e  o r  b e f o r e  i t  i s  burned a t  the Faro 
Anvil X n e .  
The c o a l  seam strikes almost due n o r t h  and dips a t  an a n g l e  of 60 degrees  
towards the west. It v a r i e s  i n  t h i c k n e s s  from a f e w  inches to 50 feet  and 
is found from t h e  s u r f a c e  down t o  a dep th  of  500 fee t .  Because t h e  seam h a s  
been f o l d e d  and f a u l t e d  i t  is n a t u r a l l y  dra ined;  consequent ly the mine is 
d ry  and g a s l e s s .  Reserves have been c a l c u l a t e d  as  190 yea r s  a t  t h e  p r e s e n t  
mining r a t e .  
1.3 Mine Opera t ions  
The o v e r a l l  impression c a r r i e d  away from t h e  Tanta lus  B u t t e  Coal Mine 
w a s  t h a t  of a safe mine and economical ly sound opera t ion .  Although i t  is 
a small product ion  mine, t he  importance of the c o a l  supply can b e  measured 
by t h e  dependence of the Faro Anvil Mine upon i t .  
The mining technique i s  mainly a room and p i l l a r  system, b u t  some s t r i p  
mining has r e c e n t l y  been begun. The mine does no t  lend itself t o  mechan- 
ization due to the steep d i p  of the seam. Thus the recovery is  c h a r a c t e r i z e d  
by s imple  and e f f i c i e n t  opera t ion .  Seven t o  e i g h t  miners work underground; 
four working places are a v a i l a b l e ,  b u t  rarely are more than t w o  places evex 
worked a t  one time. A crew c o n s i s t s  of one  miner and one mine r ' s  helper. 
They are r e s p o n s i b l e  f o r  p u l l i n g  p r e v i o u s l y  blasted coai away f r o m  t h e  face 
and drilling a new round c o n s i s t i n g  of 1 2  t o  14  holes. The mine foreman then  
loads t he  round with a low velocity p e r m i s s i b l e ,  primed by m i l l i s e c o n d  
d e t o n a t o r s ,  and does the b l a s t i n g  h imse l f .  The crew w a i t s  f o r  t h e  fumes t o  
d i s s ipa t e ,  then  r e t u r n s  t o  p u l l  l o o s e  coal and aga in  d r i l l s  a new round. 
This c y c l e  i s  usually repeated twice a day a t  each working place. A crew 
produces a nlaximurn of 25 tons  per day.  The l o c a l  l a b o r  f o r c e  does n o t  want 
t o  do development work; Canadian Mine S e r v i c e s  c o n t r a c t s  f o r  t h e  hard r o c k  
n in ing  involved  i n  improving headings and development work. 
Because of t h e  e x c e l l e n t  n a t u r a l  mine v e n t i l a t i o n  and t h e  smal l  amount 
of b l a s t i n g  done, no problems are  encountered w i t h  gas  fumes o r  c o a l  d u s t .  
Wo f a n  o r  d u s t  suppres s ion  systems have been i n s t a l l e d  i n  t h e  mine. The 
main e n t r y  s e r v e s  as t h e  a i r  i n t a k e  and raises t o  the s u r f a c e  a t  the t o p  of  
the b u t t e  acts  a s  t h e  exhaust .  Although no a i r  v e l a ~ i t y  measurements have 
been made, an a p p r e c i a b l e  movement of a i r  throughout  the  rnine,was appa ren t .  
B r a t t i c e  c u r t a i n  is  a v a i l a b l e  b u t  is n o t  i n  use.  
The safe ty  f a c t o r s  i n  t h e  mine w e r e  impress ive .  Nine r a i s e s  lead o u t  
of the workings, p rovjd ing  an  escape r o u t e  from each working p lace .  Only 
one s h a f t  i s  open through t o  t h e  s u r f a c e ,  a l though t h e r e  a r e  o t h e r s ,  unuseable ,  
t h a t  w i l l  p a s s  a i r .  There was very L i t t l e  evidence of roof co l l apse .  The 
roof is composed of sands tone ,  w i th  l i t t l e  s h a l e ,  and t imber ing  i.s s e t  o n l y  
where i t  is  needed, u s u a l l y  i n  l a r g e  rooms. The crews work wi thout  super-  
v i s i o n  and dec ide  f o r  themselves when roof  suppor t  i s  necessary .  A mine 
in spec to r  v i s i t s  once each month. 
The c o a l  t h a t  i s  p u l l e d  from t h e  working p l a c e  is  dropped by gravi ty  
down chu te s  and loaded on twelve e l e c t r i c a l l y  d r i v e n  r a i l r o a d  cars f o r  haul -  
age out  of t h e  mine. The locomotive is  a  b a t t e r y  powered, 72-volt Swedish 
model.. Each of t h e  twelve wooden c a r s  has  a c a p a c i t y  of one and one-half 
tons.  Outs ide  t h e  mine t h e  t r a i n  l oad  of  c o a l  is  dropped i n t o  a 100 ton  
bunker. Anvil  Mine t r u c k s  r e t u r n i n g  empty from Whitehorse h a u l  t h e  c o a l  t o  
T3 r a r o .  F ive  t o  s i x  t r u c k s  are loaded per  day, each with  an 18 ton c o a l  
capac i ty .  Anvil  Mine main ta ins  a 12,000 t o n  s t o c k p i l e  near  Faro. 
The mining method is  geared t o  e a s i l y  a c c e s s i b l e  coal where few problems 
are encountered. Only a  16  f o o t  width i s  mined because  of the s teep  d i p  
and when a rock l e n s  is encountered the seam is worked on either s i d e  around 
i t .  Recovery is  60 pe rcen t  w i t h  no plans f o r  secondary recovery .  Wfhen c o a l  
sho r t ages  occur  du r ing  t h e  w i n t e r ,  mine product ion  i s  s t epped  up by robbing 
t h e  p i l l a r s  of e a s i l y  a c c e s s i b l e  c o a l ,  The results of t h i s  p r a c t i c e  a r e  
r e a d i l y  observable .  I n  p l a c e s  t h e  roof and headings were abnormally h igh ,  
b u t  t h i s  d i d  n o t  s e e m  t o  a f f e c t  t h e  s t r e n g t h  of the; ' n a t u r a l  suppor t .  
Because of t h e  geology of Tanta lus  b u t t e  and t h e  nature of the mining 
p r a c t i c e ,  t h e  e n t i r e  operation is s imple ,  e f f i c i e n t ,  and e f f e c t i v e .  A s  men- 
t i oned  before ,  no gas o r  wa te r  dra inage  problems are man i fe s t  due t o  the  
n a t u r a l  d ra in ing  of  t h e  fo lded  seam. V e n t i l a t i o n  is e x c e l l e n t  and c o a l  d u s t  
and b l a s t i n g  fumes are minimal because t h e  o p e r a t i o n  i s  small. This could 
become a problem i f  more miners  were t o  be  employed underground. Mine t e m -  
p e r a t u r e s  do reach  the f r e e z i n g  po in t ,  b u t  never become co ld  enough s o  a s  t o  
r e q u i r e  a h e a t i n g  system. E l e c t r i c i t y  is  n o t  used i n  t h e  mine; cap lamps 
provide  i l l u m i n a t i o n .  Drills and p icks  a re  powered by compressed a i r .  The 
s a f e t y  record  is e x c e l l e n t ,  averaging one a c c i d e n t  p e r  y e a r .  There have 
been no mine f i r e s ,  a l though t h e  miners '  l o c k e r  and shower b u i l d i n g ,  s i t u a t e d  
2 m i l e s  from the mine, burned t o  the ground i n  ear ly 1975. 
The strip mining o p e r a t i o n  i s  loca t ed  on t o p  of  the  sou th  end of Tan ta lus  
b u t t e ,  The seam is SO f e e t  wide i n  t h i s  a r ea .  The work was c o n t r a c x d  o u t  
t o  a  heavy equipment o p e r a t o r  who used a s c r a p e r  t o  produce 12,000 tons  of 
coal  in two weeks. This coal, which assures one year 's  supp ly  for the Anvil 
Mine, is s t o c k p i l e d  one m i l e  from t h e  open p i t  ope ra t ion .  No f u r t h e r  open 
p i t  product ion is  planned i n  the near  f u t u r e .  The c o a l  is  d i r t i e r  than  t h a t  
produced i n  t h e  underground mine, bu t  no problems a r e  encounte red  i n  burn ing  
i t  a t  t h e  Anvi l  Mine. Although t h i s  o p e r a t i o n  is more economical t han  the  
room and p i l l a r  system, t h e  underground mine w i l l  n o t  b e  phased o u t  i n  f a v o r  
of i t .  Rather ,  emphasis w i l l  b e  p laced  upon underground develapment s i n c e  
t h e  p r e s s u r e  of p roduct ion  has been removed, 
1 . 4  Labor Force 
The l a b o r  f o r c e  is  predominent ly  n a t i v e .  Twenty-five employees are 
on t h e  p a y r o l l ,  bu t  r a r e l y  do more t han  ten men e y e r  appear  for work on any 
g iven  day. The miners work on t h e  buddy system; i f  a miner does n o t  p lan t o  
work, he is  expected t o  f i n d  a replacement  f o r  h is  job .  S u p e r f i c i a l l y ,  this 
appea r s  t o  b e  q u i t e  haphazard and i n e f f i c i e n t  labor management, b u t  t h e  
system works w e l l  and product ion  is n o t  hampered by t h e  c a s u a l  a t t i t u d e  
towards work. The mine s u p e r i n t e n d a n t ,  mine foreman, and one  experienced 
miner work t h e  t o t a l  f i ve  days pe r  week and toge the r  form t h e  backbone o f  
t h e  ope ra t i on ;  most o ther  employees work two t o  three days pe r  week. 
It i s  es t imated  that 20 percent of t h e  480 people  i n  Carmacks derive 
economic suppor t  from t h e  mine p a y r o l l .  L iv ing  costs are l o w  because  the 
Indian Brotherhood provides  hous ing  f o r  which t h e  n a t i v e s  pay o n l y  what they 
can afford. The miners do not belong  t o  a union s i n c e  t h e  I n d i a n  Brother-  
hood provides  many s i m i l a r  b e n e f i t s .  Hourly wages are paid r a t h e r  than using 
a bonus system. This is an impor tan t  f a c t o r  i n  the  mine 's  e x c e l l e n t  safety 
record-- the day wage system is a low p r e s s u r e  type of  work, w h i l e  t h e  boncs 
system encourages miners  t o  rush, t hus  promoting more a c c i d e n t s .  The native 
l a b o r e r s  work a t  t h e i r  own pace w i t h o u t  supe rv i s ion .  They se t  t imber ing  
o n l y  when they Eeel i t  is needed and, t h u s  f a r ,  no problems have arisen from 
t h i s  self-management mining technique .  
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\Cages a t  t h c  t i m e  of t h e  v i s i t  were $6.55 per  hour f o r  miners ,  $6.21 
per  hour  f o r  miner ' s  he lpe r s ,  and $5.98 per  hour f o r  l a b o r e r s .  Maintenance 
c o s t s  a re  kept  t o  a minimum through the a b i l i t y  of t h e  mine supe r in t enden t  
t o  i n s t a l l  and main ta in  most mining equipment himself. Because the l o c a l  
l a b o r  f o r c e  does n o t  want t o  do hard  rock  development, t h e  added expense of 
c o n t r a c t i n g  a p r i v a t e  d r i l l i n g  company must be  absorbed. 
The t o t a l  c o s t ,  a s  s e t  down a t  t h e  Faro Anvil  Mine, i s  $17.00 p e r  ton. 
A t  t h i s  p r i c e  i t  is  a l i t t l e  more economical f o r  t h e  Anvil Mine t o  burn  c o a l  
rather than o i l ,  for drying o r e  and heating bu i ld ings .  The s t r i p  mining 
o p e r a t i o n  produces c o a l  f o r  $4.00 pe r  ton,  but t h i s  does n o t  i n c l u d e  t h e  
c o s t  of t r a n s p o r t a t i o n  t o  Faro. The Tan ta lus  Bu t t e  Coal Mine does n o t  s h i p  
its own c o a l .  T ranspor t a t ion  i s  provided  by Anvil Mine t r u c k s  backhaul ing 
from Whitehorse t o  Faro. 
1.5 C h a r a c t e r i s t i c s  Due t o  Northern Locat ion 
The o p e r a t i o n a l  problems a t  the Tan ta lus  Bu t t e  Coal Mine are t y p i c a l  
of t hose  encountered i n  any mine i n  the n o r t h e r n  l a t i t u d e s .  Cold weather 
dur ing  t he  win te r  months c r e a t e s  many s u r f a c e  problems. When t h e  temper- 
a t u r e  i n  January, 1975, dipped t o  -70°~, mercury lamps s topped  o p e r a t i n g  and 
hoses  froze. Product ion w a s  hampered by t h e  adverse  cond i t i ons  i n  handl ing  
coal  o u t s i d e  the mine. These product ion  problems occur a t  a t i m e  when c o a l  
demand is  h i g h e s t ,  thus  n e c e s s i t a t i n g  t h e  robbing of p i l l a r s  f o r  easily 
a c c e s s i b l e  coa l .  The a v a i l a b i l i t y  of c o a l  from t h e  s t r i p  mining o p e r a t i o n  
could a l l e v i a t e  t h e s e  problems i n  t h e  f u t u r e .  One c h a r a c t e r i s t i c  that 
p lagues  a l l  n o r t h e r n  c o a l  mines is  low humidity i n  co ld  weather .  A s  mentioned, 
du r ing  the co ld  weather of January 1975, t h e  locke r  and shower b u i l d i n g  burned. 
Low humidi ty and almost  complete i m p o s s i b i l i t y  of f i g h t i n g  f i r e  i n  such 
weather  make Eire a special  hazard i n  high l a t i t u d e s .  
The remoteness  of t h e  mine  location is of l i t t l e  importance from t h e  
s t andpo in t  of t r a n s p o r t a t i o n  cos t s .  I n  f a c t ,  the  mine s i t e  i s  i n  a nea r  
i d e a l  l o c a t i o n ,  s i n c e  t r u c k s  backhauling from Whitehorse must pass through 
Carmacks on their way t o  Faro. Th i s  low c o s t  t r a n s p o r t a t i o n  is  an important  
f a c t o r  i n  keeping t h e  p r ice  of coal c o m p e t i t i v e . t o  o i l .  The supply of rnater- 
i a l s  and s e r v i c e s  does  present  a problem a t  the mine. Materials s u p p l i e d  
from t h e  Faro Anv i l  Mine o r  from Whitehorse are slow i n  a r r i v i n g ,  so t h e  mine 
supe r in t enden t  mus t  make frequent trips to Whitehorse t o  p i c k  up purchases  
himself .  S e r v i c e s  from outside sources are extremely expensive due t o  t h e  
remote l o c a t i o n ,  t h u s  t h e  burden of maintenance l i e s  mainly with  mine personnel .  
Although t h e  mine i s  wi th in  300 m i l e s  of t h e  Arctic C i r c l e ,  t h e r e  h a s  
been no permafros t  found i n  t h e  mine development. The mine is normally d r y  
except: d u r i n g  s p r i n g  run-off.  When w a t e r  accumulates ,  i t  i s  removed by a 
bucket- to-barrel  method. A small pump is  sometimes used b u t  must be t aken  
out  of the workings at n i g h t  t o  prevent  it from f r e e z i n g .  Water i n  t he  
mine p r e s e n t s  a problem when i t  covers  t h e  r a i l  and f r e e z e s ,  t hus  p reven t ing  
the haulage t r a i n  from opera t ing .  Some water  i-s pumped i n t o  the mine f o r  
the  hard r o c k  d r i l l i n g  and pneumatic mining equipment, but no a t tempt  is 
made to  renove t h i s  water from t h e  workings. 
The o p e r a t i o n  of t h i s  mine i s  n o t  politically motivated i n  the s e n s e  
that mines on Svalbard  i n  part r e f l e c t  n a t i o n a l  a s p i r a t i o n s .  Howev~r, t he  
mine prov ides  employment: f o r  t h e  l a r g e l y  n a t i v e  popula t ion  of Ca:i. :.ks, and 
so p l a y s  an impor tan t  social-economic-pol i t ical  r o l e .  
2.0 USLBELLI COAL IIINE, NEAR HEALY, ALASKA 
2.1 I n t r o d u c t i o n  
Two r e p r e s e n t a t i v e s  of t he  Mineral Industry Research Laboratory of the 
Unive r s i ty  of Alaska visited t h e  coal  mines owned and opera ted  by U s i b e l l i  
Coal :!ine, Inc . ,  near: Healy, Alaska, on Eby 2, 1975.  The PI.1 .R.L. team 
spoke w i t h  the mine super jn tendent  and t h e  safety superv i so r ,  and v i s i t e d  
both a c t i v e  and c losed  mining areas. The mining o p e r a t i o n s  a r e  e f f i c i e n t  
and e f f e c t i v e  in t h e  u s e  of excavat ion  and h a u l i n g  equipment f o r  s u r f a c e  
mining of t h i ck ,  sub-bituminous, d ipp ing  c o a l  seams. P o t e n t i a l  f o r  expansion 
i n  product ion seems e x c e l l e n t .  
The Healy a r e a  (63O52'N, 149"W) l i e s  i n  t h e  n o r t h e r n  f o o t h i l l s  of the 
Alaska Range, a s h o r t  d i s t a n c e  n o r t h  of Mount McKinley N a t i o n a l  Park, about  
120 road mi les  southwest  of Fa i rbanks ,  and about 240 road  m i l e s  n o r t h  of 
Anchorage. The c o a l  mines are s i t u a t e d  only  some 7 m i l e s  from the  Alaska 
Rai l road  and t h e  Anchorage-to-Yairbanks highway. The a r e a  has a  markedly 
sub-Arctic c o n t i n e n t a l  c l i m a t e  w i t h  extreme tempera tures  ranging downward 
t o  - 6 5 " ~  i n  w i n t e r ,  r e l a t i v e l y  i c e - f r e e  permafros t ,  and s p r u c e  f o r e s t s  i n  
t h e  lowlands, and A l p i n e  tundra on the uplands. High v e l o c i t y  down v a l l e y  
winds  a r e  common and c r e a t e  extremely low c h i l l  f a c t o r s .  The area i s  a 
b r e e d i n g  ground f o r  D a l l  sheep and con ta ins  o t h e r  game animals .  The l and  
i n  t h e  gene ra l  a r e a  i s  most ly State  s e l e c t e d ,  pa t en ted  o r  S t a t e  tentatively 
approved lands. 
The Healy and Lignite r i v e r  v a l l e y s ,  i n  which t h e  l a rge  r e s e r v e s  l i e ,  
a r e  e a s t e r n  t r i b u t a r i e s  of t h e  northward f lowing Nenana River  which meets 
the Tanana River  a t  t h e  town of Nenana. The Healy and Lignite Rivers have 
c u t  deep, V-shaped v a l l e y s  i n t o  t h e  c o a l  b e a r i n g  format ions .  Re la t ive  r e l i e f  
is about 2200 f e e t .  
The c o a l s  a re  p a r t  o f  t h e  T e r t i a r y  Coal Bearing Group, which is over- 
l a i n  by the poor ly  conso l ida t ed  P l iocene  Nenana g r a v e l s ,  which i n  t u r n  are 
uncomformably o v e r l a i n  by g l a c i o f l u v i a l  gravels t h a t  form terraces of  the 
Nenana River. The Coal  Bearing Group c o n s i s t s  of poo r ly  conso l ida t ed  
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sands tone ,  conglomerate, s i l t s t o n e s  and clays, and of cou r se ,  coa l s .  
T h i r t e e n  c o a l  seams have been recognized,  a t  l e a s t  f i v e  of which a r e  c l e a r l y  
visible i n  t he  Healy Valley and a long  the  Nenana River.  The e s t ima ted  c o a l  
r e sou rces  of t he  Nenana c o a l  f i e l d ,  of which Healy is a p a r t ,  a r e  s t a t e d  t o  
be  approximately seven b i l l i o n  tons  ( t o  a depth of 3,000 f e e t ) .  
Coal has  been mined i n  t h e  Healy River a r e a  s i n c e  1915. The initial 
mining was underground, and r e l a t e d  t o  t h e  cons t ruc t ion  and o p e r a i i o n  of  t h e  
Alaska Rai l road  and t h e  needs of Fairbanks f o r  c o a l  a s  a  s u b s t i t u t e  f o r  
wood i n  home hea t ing ,  e l e c t r i c a l  gene ra t ion ,  and dredging o p e r a t i o n s .  The 
U s i b e l l i  Coal Mine was s t a r t e d  i n  1 9 4 3 ;  t h e  company purchased t h e  Suntrana 
Mine i n  1952 and the V i t r o  Mine i n  1970 t o  become the l a r g e s t  and  f i n a l l y  
t h e  on ly  c o a l  mining o p e r a t i o n  i n  Alaska. S m a l l e r  mines, such as Black 
Diamond, have gone o u t  of b u s i n e s s ,  w h i l e  t h e  U s i b e l l i  operation now h a s  
leases on L i g n i t e  Creek, j u s t  t o  the n o r t h  of Healy River, s u f f i c i e n t  to  
main ta in  c u r r e n t  product ion  r a t e s  f o r  another  40 years .  
The c u r r e n t  major c o a l  u s e r s  a r e  t h e  e l e c t r i c  gene ra t ing  and  heating 
p l a n t s  l oca t ed  a t  Clear A.F.B.,  F o r t  Wainwright, E i e l s e n  A.F.B. ,  t h e  C i ty  
of Fairbanks (I lunicipal  Utilities System), Healy, (Golden Valley E l e c t r i c  
Assoc ia t ion ) ,  and the Unive r s i ty  of Alaska at College. T o t a l  p roduct ion  i s  
about  750,000 tons p e r  y e a r ,  w i th  p r o d u c t i v i t y  ranging from 32 t o  35 tons  
p e r  man day. 
The c o a l  being mined i s  sub-bituminous "c" i n  rank w i t h  approxl.mately 
20% - 25% moisture,  8% - 15% ash ,  and a BTU content  of 7500-9000 as received.  
The c o a l  s l a c k s  e a s i l y ,  has no gas, and conta ins  some admixture of bone. 
The c o a l  has a very low s u l f u r  con ten t  (about 0.1%) which makes i t ,  i n  
common wi th  most Alaskan coals, a c l e a n  coal environmental ly .  Between 
75,000 and 120,000 tons  p e r  year a r e  washed i n  a sma l l  s i n k - f l o a t  p l a n t  
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d u r i n g  t h e  summer months, p r imar i ly  f o r  l i m i t e d  donlcstic u se  and f o r  coal 
that does not  meet requi red  power plant s p e c i f i c a t i o n s .  Most of t h e  coal 
is shipped as mine run, wi th  only o c c a s i o n a l  hand-picking. A s i n k - f l o a t  
washing plant ope ra t e s  dur ing  t h e  summer months for s t o c k p i l e d  c o a l  too 
d i r t y  t o  s h i p .  
I n  the p a s t  f ive yea r s ,  c o a l  p r i c e s  have inc reased  about  50% t o  more 
than  $10 p e r  ton  exc lus ive  of sh ipp ing .  Wage r a t e s  are about  $ l O ' F r  hour  w i th  
t h e  average f i v e  day work week c o n s i s t i n g  of 50 hogrs.  Purchase prices f o r  
heavy equipment appear t o  have i n c r e a s e d  250% i n  t h e  l a s t  decade. In s p i t e  
of i n c r e a s i n g  c o s t s ,  however, coal  prices a t  Healy appear  t o  be low and 
wi th  i n c r e a s e d  petroleum p r i c e s  w i l l  p robably  remain compet i t ive  w i t h  o i l  
i n  I n t e r i o r  Alaska f o r  t h e  f o r e s e e a b l e  f u t u r e .  
2.2 Cold Weather Problems 
There seem t o  be  few s e r i o u s  pe r sonne l  problems a s s o c i a t e d  w i t h  co ld  
weather ,  The b a s i c  work f o r c e  has been employed a t  t h e  mine f o r  more than 
f i v e  y e a r s ,  and the  nore experienced men guide  the newcomers s o  that 
f r o s t b i t e  problems are few. Labor t u rnove r  w a s  low u n t i l  r e c e n t l y  when 
jobs became a v a i l a b l e  on the c o n s t r u c t i o n  of  t h e  trans-Alaska p i p e l i n e .  
About 75% of employees a r e  marr ied and a l l  l i v e  in the  immediate Healy area, 
which has  a t o t a l  popula t ion  of  abou t  450 people  ( inc luding  employees a t  
t h e  l o c a l  e lementary school ,  Golden Val ley  E l e c t r i c  Co. power p l a n t ,  and t h e  
Alaska Rai l road)  , 
Winter employment averages abou t  50-55 men, most either o p e r a t i n g  
heavy equipment o r  working as mechanics. The cabs of . t h e  equipment are hea ted ,  
p rov id ing  p r o t e c t i o n  a g a i n s t  t h e  co ld .  The experience of  t h e  l a b o r  f o r c e  i n  
co ld  weather  and the heated  equipment would exp la in  t h e  absence of s e r i o u s  
problems. 
IIeavy equipment i s  k e p t  i n s i d e  warm-up s h e l t e r s  when n o t  i n  use, and 
t h e r e  seem t o  be  f e w  d i f f i c u l t i e s  w i t h  t h e  heavy t rucks  which a r e  kept 
c o n s t a n t l y  i n  motion and warm. With the roads  f r o z e n  i n  winter and covered 
with snow and i c e ,  t h e r e  is  s i g n i f i c a n t l y  less t i r e  wear than i n  summer. 
Tracked equipment,  however, has d i f f i c u l t i e s  i n  t h e  co ld ;  s t e e l  tu rns  b r i t t l e  
and r i p p e r s  a re  e a s i l y  broken. Unless a b s o l u t e l y  necessary ,  no b u l l d o z e r s  
a r e  used if the t empera ture  i s  lower t h a n  -45°F. Frozen g rave l  i's more 
d i f f i c u l t  t o  d r i l l  than  unfrozen,  and wears  the b t t s  r a p i d l y .  A f i x e d  t o o t h  
drag type bit has been found best f o r  sands tone .  
S t r i p p i n g  o c c u r s  mainly i n  summer, i n c r e a s i n g  employment t o  about  80 
men. Bul ldozers  and z i p p e r s  a re  used t o  remove overburden, and a t  present 
l i t t l e  b l a s t i n g  is done. U n t i l  1944, overburden was removed t ~ y d r a u l i c a l l y .  
The ground, after removal of v e g e t a t i o n  and l o o s e  g r a v e l ,  thaws a t  a ra te  
of about  one  f o o t  per day when exposed t o  t h e  sun,  b u t  will f r e e z e  back 
i n  w i n t e r .  The f r o z e n  ground is  r ipped ,  p i l e d  with bulldozers, and loaded  
i n t o  t r u c k s  w i t h  l o a d e r s .  It is then  hauled  t o  a d i s p o s a l  area,  g e n e r a l l y  
be ing  used t o  f i l l  p r ev ious ly  mined a r e a s .  
S t r i p p i n g  t a k e s  place i n  summer, and t h e  t r u c k s  are equipped w i t h  dump 
boxes t o  handle rock .  These rock boxes a r e  removed and l a r g e r  c o a l  boxes 
a r e  i n s t a l l e d  on the trucks i n  winter .  The coal boxes have double floors 
through which v e h i c l e  exhaus t  is  piped t o  keep t h e  t r u c k  bed w a r m  s o  as t o  
prevent  the coal from freezing t o  the bed.  When -the boxes a r e  up, i.n dumping 
p o s i t i o n ,  the exhaust gases vent d i r e c t l y  t o  t h e  outside. On o c c a s i o n , c o a l  
f i r e s  can b e  s t a r t e d  i f  t h e  bed tempera ture  i s  too high.  A s imple  device 
t h a t  has  proved e f f e c t i v e  is a cha in  welded t o  each corner  of t h e  dump box. 
The chain swings and r a t t l e s ,  removing loose  m a t e r i a l  dur ing  dumping, s o  
that i t  does not f r e e z e  t o  t h e  bed. 
Due t o  t h e  h i ~ h  m o i s t u r e  conten t  of the c o a l ,  i t  tends t o  slack and 
p r o d u c e  excess ive  d u s t  upon d ry ing .  T h i s  dust gene ra t ion  occurs at t r a n s f e r  
p o i n t s ,  e s p e c i a l l y  i n  t h e  t i p p l e .  During summer, water  is  used t o  suppress  
d u s t ,  bu t  s o  f a r  i t  appears  t h a t  no e f f e c t i v e  s o l u t i o n  has been found t o  dust 
suppression i n  w i n t e r .  Rock d u s t  i s  employed i f  welding must b e  performed 
a t  t h e  t i p p l e  i n  w i n t e r .  No welding is  performed i n  the t i p p l e  un le s s  
a b s o l u t e l y  necessary ,  and a  24 hour f i r e  watch i s  main ta ined  after any welding. 
The combination of h igh  moisture content  i n  the c o a l  and extremely low humidity 
i n  w i n t e r  produces a d u s t  and fire s i t u a t i o n  t h a t  r anks  among t h e  most s e r i o u s  
of the co ld  weather problems. 
The foregoing  discussion is  not meant t o  d i scoun t  t h e  effects of co ld  
and extremely c o l d  weather .  The win te r  environment o f f e r s  c e r t a i n  advantages,  
and can be c h a r a c t e r i z e d  as co ld ,  d r y ,  and hard.  Tires l a s t  l onge r ,  equip-  
c e n t  does n o t  bog down, b u t  no ope ra t ions  us ing  water ,  e.g . ,  a t  the washing 
p l a n t ,  can b e  done, and expenses skyrocket  as heating requi rements  go up. 
2 . 3  >lining Sys  tern 
The c o a l  seams t h a t  a r e  mined d i p  from 10 t o  30 degrees  w i t h  clay i n  t h e  
f o o t w a l l  and poor ly  consolidated sandstone and conglomerate i n  the highwall .  
The s u r f a c e  i s  s t r i p p e d  of v e g e t a t i o n  and loose grave l ,  l a y i n g  bare t h e  c o a l  
seams, and then t h e  highwall i s  removed. Coal is  mined a s  deep a s  200 feet ,  
but mining on f e d e r a l  l e a s e s  must cease  w i t h i n  f i v e  f e e t  of  t h e  c r eek  water 
l e v e l  due t o  f e d e r a l  regulations. Water above pit l e v e l  i s  d ra ined  by sub- 
mers ib l e  dewater ing pumps i n  d r i l l  holes. Winter freezing and permafrost  i n  
the Eootwall and h ighwa l l ,  a r e  considered advantageous. S l ippage  a long  t h e  
f o o t w a l l  (promoted by t h e  clay) can degrade the coal and can cause  spontaneous 
i g n i t i o n .  Due t o  a n c i e n t  coal f i r e s ,  t h e  c l a y  i n  p l a c e s  is baked. Some of 
t h e  clay is  of ceramic q u a l i t y .  
After  s t r i p p i n g ,  t h e  su r face  of  the c o a l  seam i s  c l eaned  bo th  with 
scrapers  and washed down i n  summer .  Formerly t h e  seam was hand swept. 
Gravels  f a l l i n g  from t h e  h ighwal l  can lower c o a l  q u a l i t y ,  and must be removed. 
The coal  is  b l a s t e d  using ANFO i n  drill ho le s ,  loaded w i t h  f r o n t  end l o a d e r s  
i n t o  45-50 ton trucks and hauled t o  t h e  GVEA p l a n t  o r  the r a i l r o a d  t i p p l e .  
Coal can be  r ipped ,  b u t  t h i s  c r e a t e s  much d u s t  i n  w i n t e r .  Mining cont inues  
year-round. 
2.4 Remoteness Problems 
Remoteness is a r e l a t i v e  problem. Proximity t o  markets '  and sou rces  of 
s u p p l i e s  coupled with  adequate  s u r f a c e  t r a n s p o r t a t i o n ,  have made the Healy 
a r e a  much l e s s  remote than formerly. The mine ma in ta ins  a larger inventory  
of s p a r e  p a r t s  than would be neces sa ry  f u r t h e r  sou th  and i s  c u r r e n t l y  
i n s t a l l i n g  a sma l l  computer capable  of inventorying and ordering p a r t s  when 
necessary .  P a r t s  a r e  p r i c e d  15% above t h e  S e a t t l e  p r i c e  p l u s  sh ipp ing  and 
are o b t a i n e d  through Fairbanks.  The mine main ta ins  a road  w a t e r i n g  t r u c k  
which i s  a l s o  equipped as a f i r e  t r u c k  and a l s o  has a locally a v a i l a b l e  
medic. The town of Healy has  organized  a vo lun tee r  f i r e  department ,  and 
t h e  nearby town of Cantwell main ta ins  an ambulance. The mine has a small 
a i r  s t r i p ,  and t h e r e  is  a la rger  one a t  Healy. A l l  s e r i o u s  medica l  cases 
are taken t o  Fairbanks.  
There is a small s t o r e  a t  t h e  mine, and o the rwi se  peop le  use m a i l  o rde r  
c a t a l o g s  and shop i n  Fa i rbanks  which is about a t h r e e  hour drive on a paved 
road t o  t h e  no r theas t .  Cost of l i v i n g  is about  30% higher than on  the west 
c o a s t .  The a r e a  is n o t  so remote that a camp must be  main ta ined .  Twenty 
t o  twenty-f ive percent  of t h e  men l i v e  i n  bachelor  q u a r t e r s .  The absence of 
l o c a l l y  a v a i l a b l e  en ter ta inment  f a c i l i t i e s  does not appear  t o  cause  personnel  
problems. No s p e c i a l  exp los ives  handl ing  problem seems t o  exist .  
2 . 5  Labor V r i l i z a t i o n  
I n  sunner ,  t h e  mine employs approximately 80 men. S t r i p p i n g  o p e r a t i o n s  
invo lve  two ten-hour s h i f t s  f i v e  days p e r  week, while coal  mining and main- 
tenance involve  only  one t e n  hour day, f i ve  days pe r  week. Four men work t h e  
t i p p l e ,  three manage the  b o i l e r s  i n  w i n t e r ,  twenty-five a r e  mechanics,  and 
t h e  remainder a r e  truck d r i v e r s ,  c a t  s k i n n e r s ,  and f r o n t  end l o a d e r  o p e r a t o r s .  
The mine has one supe rv i so r ,  a day shift group foreman and shop forenan, a 
n i g h t  shift foreman f o r  s t r i p p i n g ,  a "lead man" i n , t h e  r e p a i r  shop, and a 
small o f f i c e  s t a f f .  The major component of t h e  l a b o r  f o r c e  is equipment 
o p e r a t o r s  and r e p a i r  personnel .  The workers  belong t o  the  United Mine Workers 
and a r e  employed on c o n t r a c t ,  hou r ly  wage basis with no i n c e n t i v e s .  Most 
employees a r e  locally h i r e d  with only  an occas iona l  s p e c i a l i s t  b rought  i n  
fron t h e  "Outsidet1. The mine employs no geo log ica l  o r  eng inee r ing  s taf f ,  but: 
relies on c o n s u l t a n t s  f o r  such s e r v i c e s .  Accident r a t e s  were reported t o  
be low, absenteeism and a l caho l i sm a r e  not problems. Historically, l a b o r  
t u rnove r  has been low, b u t  has  i n c r e a s e d  s i n c e  the trans-Alaska p i p e l i n e  
c o n s t r u c t i o n  p r o j e c t  began. The mine super in tendent  d id  no t  f o r e s e e  any 
d i f f i c u l t i e s  i n  r e c r u i t i n g  workers  should  t h i s  be necessary.  
2.6 Fu tu re  P rospec t s  
NUX Corporat ion had an option t o  purchase the Usibelli ho ld ings  and 
conducted an ex tens ive  d r i l l i n g  program l a s t  year .  Usibelli Coal Corpora t ion  
has s u f f i c i e n t  r e se rves  i n  the  Bealy a r e a  t o  l a s t  f o r  f o u r  years o r  s o  a? 
c u r r e n t  product ion  r a t e s .  With l e a s e s  i n  t h e  L i g n i t e  a r e a ,  r e s e r v e s  are 
b e l i e v e d  t o  be  adequate  f o r  f o r t y  y e a r s .  There i s  cons ide rab le  thought  
b e i n g  g iven  t o  t h e  p o s s i b i l i t y  of expor t ing  c o a l  from t h e  Healy-Ligni te  a r e a  
t o  P o r t l a n d ,  Oregon o r  o the r  wes t  coast c i t i e s  for thermal e l e c t r i c i t y  pro- 
d u c t i o n ,  This could involve  a th ree - fo ld  inc rease  over c u r r e n t  product ion .  
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T h e  p o s s i b i l i t y  of e x p o r t i n g  coa l  l e d  &IhX Corporat ion t o  opt ion  t h e  
U s i b e l l i  mine and do ex tens ive  d r i l l i n g .  Although M k Y  dropped t h e  op t ion ,  
t he  p o s s i b i l i t y  o r  p r o b a b i l i t y  remains t h a t  t h e  ope ra t ion ,  e i t h e r  under 
p r e s e n t  ot.mership or a successor ,  might be expanded t o  produce c o a l  f o r  expor t .  
Nost  c e r t a i n l y  the l o c a l  market w i l l  r e q u i r e  a d d i t i o n a l  output, perhaps 
r a i s i n g  t h e  annual  product ion t o  one m i l l i o n  tons  w i t h i n  a s h o r t  time. 
2 . 7  Environmental Considerations 
While n o t  covered wi th in  t h e  scope of t h e  c o n t r a c t ,  a word o r  two about 
the Healy environment and t h e  effects of  c o a l  mining may be app rop r i a t e .  
There i s  surprisingly l i t t l e  evidence of mining i n  t h e  a r e a ,  i n  s p i t e  o f  a 
mining h i s t o r y  t h a t  goes back almost s i x t y  years. The coal does n o t  produce 
a c i d  mine water  and t h e  s t reams,  a t  least v i s u a l l y ,  show no s i g n s  of any 
changes caused by c o a l  mining. S t r i p p i n g  and s u r f a c e  mining do remove the 
v e g e t a t i o n .  However, an  a e r i a l  grass seed ing  program, u t i l i z i n g  fertilizer 
mixed w i t h  t h e  seed, has proven s u c c e s s f u l ,  and t h e  a r e a  is  occupied by a 
herd of D a l l  sheep who seem unaf fec ted  by t h e  mining opera t ions .  Sheep w e r e  
observed n e a r  the n i n e ,  and an  a r e a  i n  w11ich they  had bedded down f o r  t h e  
n i g h t  w i t h i n  a ve ry  short d i s t a n c e  from o p e r a t i n g  s t r i p p i n g  equipment was 
seen.  The machinery and the consequent n o i s e  l e v e l s  and d i s tu rbances  appear  
not: t o  b o t h e r  t h e  sheep. Wolves and moose are common i n  the area, and 
i t  would be  hard t o  prove t h a t  mining has had an adverse e f f e c t  on them. 
With o l d e r  mined o u t  a r e a s  being f i l l e d  wi th  t h e  was te  from new mines, the 
amount of change i n  t h e  s u r f i c i a l  topography would appear  t o  be  minimal 
although i t  is  imposs ib le  t o  completely f i l l  a l l  p i t s ,  The main environmental  
d i f f i c u l t i e s  which t h e  v i s i t o r  n o t i c e s  are t h o s e  associated with  the disposal 
of used equipment.  A s  i s  conmn i n  Alaska, used equipment i s  merely thrown 
a s i d e  r a t h e r  thar. removed t o  a d i s p o s a l  a r e a ,  presumably awai t ing  t h e  time 
when i t  may be  needed aga in .  The Rea ly  a r e a ,  however, does not: seem 
over ly  encumbered wi th  such  d e b r i s .  
P a r a n t h e t i c a l l y ,  one might n o t e  t h a t  t h e  v i s i t  t o  coal  mines i n  
Svalbard dur ing  t h e  summer of 1374 l e d  t o  s i m i l a r  obse rva t ions .  There 
the car ibou ,  A r c t i c  foxes and b i r d s  seem t o  b e  und i s tu rbed  i n  t h e i r  h a b i t s  
by the  mining operations, and t h e  r i v e r s  a l s o  seemed u n a f f e c t e d  by mine 
runof f .  The p r i n c i p a l  environmental  damage observed were t h e  o l d ,  run- 
I1  down s t r u c t u r e s ,  which a r e  e i t h e r  "eye sores"  o r  h i s t o r i c a l  konurnents," 
depending upon t h e  o b s e r v e r s  b i a s .  
2 .8  Conclusions 
The Healy a r e a  en joys  c e r t a i n  advantages due t o  i t s  l o c a t i o n .  It  i s  
served by r a i l r o a d  and highway and has  an  a s su red  market: i n  the power p l a n t s  
of t h e  Fairbanks reg ion .  The coa l  b e d s ,  while  dipping ,  a r e  t h i c k  and can b e  
mined with a s t r i p p i n g  r a t i o  of l e s s  than  4 : l .  Perhap; o f  equal s i g n 3 f i -  
c a m e  is  the  f a c t  that t h e  Healy coa l  i s  t h e  only dcvelopcd source. 01 energy 
in I n t e r i o r  Alaska. Cold weather appears t o  b e  both  advantaqcous and dis- 
advantageous. Frozen, snow covered roads reduce  tire wear and permafrost  
and  lo^ temperatures  i n c r e a s e  t h e  competence of the hanging and footwal l s  
and hence c o n t r i b u t e  t o  p i t  s t a b i l i t y .  On t h e  o t h e r  hand, excavat ion equip- 
ment i ncu r s  h i g h e r  maintenance c o s t s ,  and t h e  absence of a v a i l a b l e  water 
complicates the problem of d u s t  suppress ion  and p reven t s  w i n t e r  washing of 
coal. Unlike t h e  o t h e r  no r the rn  c o a l  mines visited, however, Healy does 
n o t  seem t o  have s e r i o u s  personnel  problems d u e  t o  its l o c a t i o n .  I n  f a c t ,  
a l t h o u ~ h  extremely c o l d  temperatures  and wind c h i l l  f a c t o r s  occur  i n  w in te r ,  
t h e  Usibelli o p e r a t i o n  bears a remarkable resemblance t o  ope ra t ions  f u r t h e r  
south .  
The Alaska Rai1.road has a b o u t  350 coal  hopper cars and p lans  to add an 
additional 150 cars t h i s  year .  There  i s  a l so  t h e  p o s s i b i l i t y  that t h e  
m i l i t a r y  power p l a n t s  i n  Anchorage may convert back to coal  and u t i l i z e  coal 
f rom t lealy .  In s p i t e  of  a cost-of-l iving differential 05 about 30 percent  
above t he  west coast, t h e  s i m p l i c i t y  of t he  mining system and the avai l -  
ability of c o a l  may make the Nenana f i e l d  competitive on the West- Coast  
market i n  the near future. 
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1 .rl ?'!&OK ORGAVIZAT IONS I N V O L V I N G  I N  EURAS J A N  ILP,CTI,C COAL DEVELOP-PEYT 
The Mineral Indus t ry  Research Laboratory (M. I .R.L.  ) .was asked t o  perform 
a l i t e r a t u r e  s e a r c h  on A r c t i c  coal  mining and t o  p r e p a r e  a b s t r a c t s  o f  s e l e c t e d  
sources .  Selected a b s t r a c t s  and r e f e rences  were submitted i n  t h e  Pre l iminary  
Report of June, 1974. Information from t h e  Russian m a t e r i a l s  acqui red  i s  
referenced  i n  Appendix B. A s  p a r t  of t h e  data a c q u i s i t i o n  t a s k ,  3.I .R.L. 
ob ta ined  a b ib l iog raphy  of  Russian m a t e r i a l s  from the Lib ra ry  of the Academy 
of Sciences of t h e  USSR, Leningrad. The o r i g i n a l  was submi t ied  w i t h  t h e  
Pre l iminary  Report.  
This  Appendix, prepared by Yr. N i a l l  C. D. Lynch, under the d i r e c t i o n  of 
D r .  Donald F. Lynch, i s  a t r a n s l a t i o n  of t h e  Russian language b i b l i o g r a p h i c  
m a t e r i a l s  and is  designed f o r  t h e  reader  who wishes t o  know the n a t u r e  of the 
in format ion  a v a i l a b l e .  The f i r s t  s e c t i o n  p r e s e n t s  t h e  b a s i c  sou rces  used 
and t h e  second is a t r a n s l a t i o n  of a Russian langua~e b i b l i o g r a p h y  obta ined  
from Leningrad. The translations follow t h e  o r i g i n a l  Russian as c l o s e l y  a s  
p o s s i b l e  t o  f a c i l i t a t e  ob ta in ing  the  sources  from l i b r a r i e s  should this be 
d e s i r e d .  
Should t h e r e  b e  f u t u r e  i n t e r e s t  i n  developing contacts w i t h i n  the USSR 
on Arctic c o a l  mining problems, the b i b l i o g r a p h i c  r e f e r e n c e s  sugges t  t h a t  the 
most u s e f u l  r e l a t i o n s h i p s  would h e  with s c f e n t i f i c  o r g a n i z a t i o n s  i n  Leningrad, 
Vorkuta, Syktyvkar, Moscow, Krasnoyarsk, Novosibirsk,  I r k u t s k ,  Yakutsk, and 
probably Magadan. The major o rgan iza t ions  r e f e renced  are: ~ o r k u t a u g o l ' ,  
Yakutugol ' ,  A. A. Skochinskiy Mining I n s t i t u t e ,  Lengiproshalct, G. V. PleWlanov 
Mining I n s t i t u t e ,  Pechora S c i e n t i f i c  Coal Research I n s t i t u t e , ' G .  V. Plekhanov 
Mining I n s t i t u t e ,  S .  M .  Kirov Mining and M e t a l l u r g i c a l  I n s t i t u t e ,  V. A. Obruchev 
Institute of Permafrost S tudy ,  and Arkt ik  ~ g o l ' .  From the point of view of 
r e a c h i n s  o rgan iza t ions  which have faced problems s i m i l a r  t o  those  l i k e l y  
t o  b e  encountered i n  Arctic Alaska, t h e  most useful c o n t a c t s  r ~ o u l d  probably 
be  i n  Syktyvkar,  Vorkuta, and Yakutsk. The most s i g n i f i c a n t  mining p l a n n i n ~  
and des ign  o rgan iza t ions  r e f e renced  are t h e  Pechora Research Coal I n s t i t u t e  
(Vorkuta) , Vosts ibgiproshakt  ( I r k u t s k )  , Leningrad Mining I n s t i t u t e  (Professor  
Yu. D. Dyad'kin) and Lengiproshakt  (Leningrad).  The s t u d y  team fcund t h a t  
a t t empt ing  t o  make d i r e c t  c o n t a c t s  with Sovie t  s p e c i a l i s t s  on A r c t i c  c o a l  
mining, e i t h e r  by correspondence o r  through the S o v i e t  Embassy o r  the Sov ie t  
Min i s t ry  of Coal Indus t ry  was very  d i f f i c u l t .  Contact w i t h  Arktik Ugol' 
and M r .  N. D. Gusev i n  Svalbard  was arranged through Norwegian o f f i c i a l s .  
B ib l iog raph ic  r e f e rences  were ob ta ined  from t h e  U . S . S . R .  Academy of Sc i ences '  
l i b r a r i e s  i n  Leningrad and Novosibirsk on t h e  b a s i s  of t h e i r  r e c e i v i n g  r e p o r t s  
produced by the  Mineral  Indus t ry  Research Laboratory. Most of t h e  Russian 
sources  used were ob ta ined  from t h e  Suza l lo  Library of  the Unive r s i ty  of 
Washington. 
On t h e  Scandinavian s i d e ,  the most useful c o n t a c t s  would b e  w i t h  
t h e  S t o r e  Norske Spi t sbe rgen  Kulkomani A / S ,  with  main o f f i c e s  i n  Rergen, 
Norges Tekniske Hdyskole (Norwegian I n s t i t u t e  of Technology) i n  Trondheim, 
and the Norwegian Ministry of I n d u s t r y ,  Oslo (Mr .  Hans Im. Ross).  Of partic- 
u l a r  s i g n i f i c a n c e  would be fo l lowing  c l o s e l y  the  development of mining 
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Planning for the f u t u r e  p o s s i b l e  development of Arct ic  Alaska's 
t r e x n d o u s  coal  r e se rves  w i l l  need t o  cons ider  a w i d e  v a r i e t y  of environ-  
mental f a c t o r s  many of which a r e  p e c u l i a r  t o  the Arctic and some of which 
are unique t o  Alaska. This appendix presents a conceptual framework for 
u s e  i n  assess ing the  impact of. t h e  environment on l a rge - sca l e  mining, and, 
t o  a lesser degree,  t h e  impact of mining on the environment, 
The g e n e r a l  r e l a t i o n s h i p s  are shown in Figures  1 and 2, while spec i f i c  
r e l a t i o n s  a r e  p o r t r a y e d  i n  F i g u r e s  3, 4 and 5. F igure  6, a mat r ix ,  high-  
l i g h t s  t h e  important  mining/environment i n t e r a c t i o n s  and i s  provided  as a 
suznary  document. 
Analysis of the  r e l a t i o n s h i p s  becomes complicated because various 
e l e 3 e n t s  of mine planning interact on each other and a l so  on t h e  cnviron- 
nen t .  S i m i l a r l y ,  various elements i n  the environment interact with each 
o t h e r  and a l so  with mining. F igu re  2 d e p i c t s  ;ilese r e l a t i o n s h i p s  i n  t h e  
form of a systems f l o w  diagram. 
The r e l a t i o n s h i p s  shown and d i s c u s s e d  are based on the literature 
s e a r c h  and f i e l d  t r i p s  d i s cus sed  i n  Appendixes A, B ,  and C, the basic factors 
emphasized in the repor t ,  an,.: on t h e  s tudy  team's knowledge o f  Alaska. This 
analysis should  b e  considered general r a t h e r  than specLfic, as the actual 
relationships t h a t  may e x i s t  will be very dependent upon t h e  timing of 
the  mining operation, t h e  technology u t i l i z e d ,  t h e  mine method and plan, 
and t h e  spec i f ic  l o c a t i o n a l  and s i t e  c h a r a c t e r i s t i c s  o f  t h e  area s e l e c t e d .  
The major factor sthat will, i n f l u e n c e  the large-scale development of 
A r c t i c  Alaskan coal  will b e  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  of the c o a l s ,  
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econc)inic i n c e n t i v e s ,  ~uarliet c o n d i t i o n s  and t h e  n a t i o n a l  i n t e r c s  ts 
involvecl i n  u t i1 . iz ing  t h i s  resource .  These f a c t o r s  a r e  o u t s i d e  the  
p~rv ie t . :  o f  t he  a n a l y s i s .  
2.0 ALASKAN ARCTIC MINLNG/ENVPRONNENT INTERACTION 
Figure  1 p o r t r a y s  the gene ra l  r e l a t i o n s h i p  of an Arctic mining oper- 
a t i o n  t o  t h e  phys ica l  and s o c i o - p o l i t i c a l  systems w i t h i n  which i t  w i l l  
e x i s t  and i n t e r a c t .  The phys i ca l  systems basically c o n s i s t  of t w o  parts:  
t h e  l i t h o s y s t e m  and t h e  atmospheric-ecosystem. The former c o n s i s t s  of 
those  geo log ica l  forces which have c r e a t e d  t h e  basic s t r u c t u r e s  and roclc 
t y p e s .  Th i s  system impacts  d i r e c t l y  on coal mining s i n c e  i t  produces t h e  
mineable coal and the geo log ic  environment in which t h e  c o a l  would be  
explo i ted .  
The atmospheric-ecosystem is l a r g e l y  t h e  r e s u l t  of nacrocl . imatic  f o r c e s  
and topograplzy which c r e a t e  t h e  l o c a l  and micro-climates and the v e g e t a t i v e  
and animal environments of t h e  surface .  This system and t h e  l i t hosys t em 
a c t i n g  toge the r  c r e a t e  t h a t  s u r f a c e  and subsu r face  environment i n  which 
mining occurs .  Th i s  might b e  considered t h e  mine 's  environmental space 
and is  t h e  a r e a  t h a t  has  t h e  g r e a t e s t  phys ica l  impact on mining opera t ions .  
It is a l s o  the  a r e a  of g r e a t e s t  concern f o r  environmental  p ro t ec t ion .  
For the Alaskan A r c t i c ,  t h e  mine environmental  space i s  cha rac t e r i zed  
by extremely low w i n t e r  c h i l l  f a c t o r s  ( t o  -60°F), coo l  mean summer temper- 
a t u r e s  (a maximum of +50°F), the widespread distribution of deep, ice r i c h  
permafrost ,  a shallow a c t i v e  zone, ex tens ive  thaw and o t h e r  lake formations 
i n  lowland a r e a s ,  and sedimentary,  coal bearing rock formations.  The inter- 
a c t i o n  between a mining operation and t h e  mine space i s  a physical rela- 
tionship which is i n c r e a s i n g l y  c o n t r o l l e d  by government laws and r egu la t ions .  
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The mine ope ra t ion  i s  a l s o  a f f e c t e d  by federal  p o l - i t i c a l  and n a t i o n a l  
econogic systems. For A r c t i c  Alaska, this r e l a t i o n s h i p  i s  c r i t i c a l  as f a r  
a s  development is  concerned. T h e  Fede ra l  Government c o n t r o l s  t h e  b u l k  of 
t h e  c o a l  bear ing  land and also t h e  major p o t e n t i a l  t r a n s p o r t a t i o n  c o r r i d o r s .  
The government e s t a b l i s h e s  t h e  r u l e s  and r e g u l a t i o n s  which c o n t r o l  mining 
o p e r a t i o n s  ( s a f e t y ,  environmental  c o n t r o l ,  t axa t ion ,  l e a s i n g ,  h e a l t h ) ,  and 
has a major i n f luence  over  t h e  es tab l i shment  of communities, communications, 
and h:lnan amen i t i e s ,  The n a t i o n a l  economic system will determine  both  t h e  
f e a s i b i l i t y  and t h e  f i n a n c i a l  suppor t  t o  be  provided f o r  t h e  development 
of l a rge - sca l e  mining, and i t  w i l l  a l s o  be  t h i s  system r ~ l ~ i c h  t ~ i l l  d e t e r n i n e  
t h e  markets and toge the r  w i t h  t h e  f e d e r a l  p o l i t i c a l  system the t r a n s p o r t a t i o n  
c o r r i d o r s  t o  be used  t o  move t h e  c o a l  t o  i t s  u l t i m a t e  d e s t i n a t i o n .  
The mine ope ra t ion ,  w h i l e  h e a v i l y  inf luenced  by these systems, has 
i t s  xreatest impact on t h e  l o c a l  and state s o c i o - p o l i t i c a l  system. Local 
c u l t u r a l ,  s o c i a l  and political va lues  and i n s t i t u t i o n s  w i l l  be the ones 
most a£ fected by mining, and i t  is  loca l  l e g a l ,  economic, and human land- 
use  p a t t e r n s  which a r e  most l i k e l y  t o  impinge directly on mining ope ra t ions .  
From a p r ac t i c a l  p o i n t  of view, i t  i s  t h e  l o c a l  Nat ive  Corpora t ions  which 
w i l l  be the  most a f fec ted ,  and, depending on the  l o c a t i o n s ,  may c o n t r o l  
p a r t  o r  all of t he  l ands  needed for mining and/or t r a n s p o r t a t i o n .  
The s i z e  of  t h e  arrows on F igu re  1 sugges ts  t h e  magnitude of  the varlious 
i n t e r a c t i o n s .  The l i t h o s y s t e m  and t h e  f e d e r a l  p o l i t i c a l  and n a t i o n a l  
economic systems a re  the ones  w i t h  t h e  g r e a t e s t  impact on t h e  development 
of c o a l  mining. However, the c o a l  mine ope ra t ion  has i t s  major effects on 
t h e  l o c a l  and s t a t e  systems and on t h e  immediate p h y s i c a l  environment, which 
can b e  thought of  as t h e  mine space. Over t he  long  term, these l a t t e r  rela- 
t i o n s h i p s  may become p o l i t i c a l l y  more Important than they  a r e  a t  p re sen t .  
Planning  f o r  tile dcvelop~ncnt o f  c o a l  mining i n  Arc-tic Alaska invo lves  
proceeding through 2 s e r i e s  of logical phases.  These can be ex~ressed in 
rnany ways. For t he  purposes  of t h i s  a n a l y s i s  t h e  fo l lowing  sequence has  been 
formula ted .  T h e  f l o w  of t h i s  sequcnce and t h e  critical environmental  r e l a t i o n -  
s h i p s  a r e  shown i n  Figure 2 .  
1. Objectives: 
The mining ope ra t ion  must work toward c e r t a i n  def ined  o b j e c t i v e s  before 
i t  i s  even worth cons ider ing .  The o b j e c t i v e s  ' c e r t a i n l y  under the 
American system vould i n c l u d e  an o p e r a t i o n  which would meet economically 
v a l i d  and f i n a n c i a l l y  p r o f i t a b l e  l ong  t e r m  needs. I n  a d d i t i o n ,  however, 
t h e  o b j e c t i v e s  might include such factors as e s t a b l i s h i n g  a basic i n d u s t r y  
a b l e  t o  provide employment, t a x  revenues,  i n f r a - s t r u c t u r e  and services, 
and a s t ab le  economic base in a region which i s  s p a r s e l y  popula ted  and 
underdeveloped, The argument t h a t  t h e  economic f u t u r e  of t h e  North 
should r e s t  on mineral  r e sou rce  development can not  b e  overlooked. 
2. Mining Laws: 
The l a w s  and r egu la t ions  governing acces s  t o  and u t i l i z a t i o n  of  minera l  
r e sou rces  c o n s t i t u t e  an impor tan t  c o n s t r a i n t  i n  t h e  development of 
Arctic Alaskan i n e s ,  suppo r t  s e r v i c e s ,  and t r a n s p o r t a t i o n  c o r r i d o r s .  
I t  would ha rd ly  make sense  to  p lan  f o r  t h e  development of a mining 
o p e r a t i o n  i n  an a r e a  t h a t  may n o t  be  a c c e s s i b l e  due t o  r e s t r i c t i v e  land- 
use p o l i c i e s  o r  i n  which mining c la ims  or  leases may n o t  be  ob ta inab le .  
3. Resource/Land Availability: 
Given t h e  o b j e c t i v e s  and t h e  a p p l i c a b l e  laws, t h i s  phase  i nvo lves  de t e r -  
mining whether t h e  r e sou rces  and the necessary  l and  are o r  can b e  made 
a v a i l a b l e  under adequate  cond i t i ons .  
4. T ranspor t a t ion :  
This v a r i a b l e  r a y  b e  t h e  key t o  the development of A r c t i c  Alaskan coal 
as i t  may r ep re sen t  no t  on ly  t h e  h i g h e s t  cost  but  a l s o  t h e  one  requiring 
the l o n g e s t  lead t ime and t h e  g r e a t e s t  amount of governmental suppor t .  
The i s s u e  could be  as  complicated a s  t h a t  of the h a u l  road from t h e  
Yukon t o  Prudhoe Bay, i f  a market outside of Alaska i s  needed t o  s a t i s f y  
the objectives. The s e l e c t i o n  of modes and r o u t e s  may i n v o l v e  some 
complex t rade-offs .  
5. Technology: 
Based on Eurasian exper ience ,  i t  i s  unlilcely t h a t  spec ia l  minjng equip- 
ment s p e c i f i c a l l y  designed around A r c t i c  Alaskan environmental  requi re -  
ments will b e  developed. Assessment of t echno log ica l  c a p a b i l i t i e s  will 
involve ,  the re fo re ,  eqtliprnent: a l r e a d y  developed o r  e a s i l y  modif ied.  
Once i n s t a l l e d ,  however, t h t s  equipment is  very l i k e l y  t o  remain i n  
opera t ion  f o r  many decades, so t h a t  the i n i t i a l  se lec t ion  i s  a c r i t i c a l  
parameter .  T h e  technolosy employed i s  a l s o  l i k e l y  t o  have the  g r e a t e s t  
e f f e c t  on t h e  s u r f i c i a l  environment, t h e  mine space, and on the l o c a l  
human environment. It w i l l  a l s o  have t o  b e  compatible  wi th  t h e  t r a n s -  
p o r t a t i o n  system, while the suppor t  requi rements  f o r  t h e  s e l e c t e d  
technology will d i c t a t e  i n  large p a r t  the i n f r a s t r u c t u r e  and labor f o r c e  
requi rements .  
6.  Mine Method: 
The mining method w i l l  bas ica l ly  b e  a  cho ice  between surface and under- 
ground mining and between a l a r g e  s c a l e  and small scale o p e r a t i o n .  
The s e l e c t i o n  w i l l  b e  a  func t ion  of t h e  prev2ous phases and will b e  a 
c r i t i c a l  v a r i a b l e  i n  assess ing loca l  environmental  and human e f f e c t s .  
I f  underground mining is followed, then  c a r e  must be taken i n  perform- 
i n g  t r ade -o f f s  between v e n t i l a t i o n  requi rements  as a f u n c t i o n  of gas 
con ten t  and t h e  impact of v e n t i l a t i o n  on roof and s h a f t  s t a b i l i t y ,  
worker comfort ,  equipment i c i n g ,  and thermal  exchanges. Su r face  mining 
w i l l  have t o  face t h e  problems of o p e r a t i o n  under cond i t i ons  of extremely 
low wind c h i l l  f a c t o r s  and t h e  impact o f ' l a r g e  s c a l e  o p e r a t i o n s  on t h e  
l o c a l  phys ica l  aad Iluman environments . 
7. Labor: 
The l a b o r  requirements  w i l l  b e  a d e r i v a t i v e  of t h e  above, The proper  
mix between locally a v a i l a b l e  l a b o r  and -imported labor w i l l  b e  impor- 
t a n t  i n  a s s e s s i n g  t h e  l o c a l  environmental  impact.  I n  terms of cornmun- 
i t y  des ign ,  t h i s  f a c t o r  w i l l  a l s o  a f f e c t  t h e  requirements  f o r  amenities, 
i n f r a s t r u c t u r e ,  and o t h e r  human needs. I n  a d d i t i o n ,  Euras ian  exper i -  
ence sugges t s  t h a t  the maintenance of  a permanent, c a r e e r  eng inee r ing  
staff may b e  h i g h l y  s i g n i f i c a n t  f o r  A r c t i c  ope ra t ions .  
8, Mine Operat ion:  
With the previous s t a g e s  completed, t h e  next  phase would b e  t h e  con- 
s t r u c t i o n  and ope ra t ion  of t h e  mine i t s e l f .  Th i s  is t h e  p o i n t  a t  which 
t h e  mine beg ins  t o  have a long term impact on t h e  l o c a l  environment.  
9. Benef i c i a t i o n :  
B e n e f i c i a t i o n  i s  a s e p a r a t e  phase and t h e  s e l e c t i o n  of  the most suitable 
sys tem w i l l  b e  a func t ion  of o b j e c t i v e s ,  technology, t r a n s p o r t a t i o n ,  
and t h e  p h y s i c a l  s u r f i c i a l  environment. E f f e c t i v e ,  low c o s t  w a t e r  
washing of c o a l  w i l l  prove d i f f i c u l t  i n  a co ld  c l imate .  
10. Support :  
Support  requi rements  are a d e r i v a t i v e  of a l l  of the above. 
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F igure  3 p o r t r a y s  the  interaction between t h e  phys ica l  environment and 
Arctic Alaskan c o a l  mining. As can be seen, t h e  number of environmental  
factors which a f f ec t  mine development increases a s  p lanning  p rog re s se s  
through the various phases.  
Macroclimate and geology a f f e c t  r e sou rce  a v a i l a b i l i t y ,  whi le  micro- 
c l i m a t e s ,  water, permafros t  and s u r f i c i a l  f e a t u r e s  a f f e c t  t r a n s p o r t a t i o n  and 
subsequent phases.  Microc l imates  can  be measured' i n  terms of temperature ,  
p r e c i p i t a t i o n ,  r e l a t i v e  humidi ty ,  and wind speed. From a des ign point  of 
view, f o r  win te r  o p e r a t i o n s  on the surface one should c o n s i d e r  mean and 
extreme low tempera tures  and chill factors. U,nderground, t h e  temperature  
regime w i l l  remain f a i r l y  constant 1,000 ya rds  o r  s o  from the  opening 
(Appendix A, 2.2).  The range of temperatures t o  be encountered will be 
from 24 t o  3 2 ' ~ ,  s o  that all equipment can be con£ igured  t o  operate i n  this 
narrow thermal  envelope. R e l a t i v e  and a b s o l u t e  humid i t i e s  may show drastic 
changes from season t o  season ,  r e s u l t i n g  i n  special p r e c a u t i o n s  against dus t  
g e n e r a t i o n  and perhaps e l e c t r i c a l  mal func t ions  d u r i n g  t h e  winter period. 
Sur face  water may p e n e t r a t e  through c r a c k s  and f i s s u r e s  i n t o  underground 
works, p a r t i c u l a r l y  i f  the thermal  regime of t h e  rock  s t r u c t u r e s  i s  altered. 
T h i s  has been a p a r t i c u l a r  problem i n  t h e  Vorkuta r e g i o n  of t h e  USSR, and 
cou ld  a l s o  be a problem i n  t h o s e  p a r t s  of A r c t i c  Alaska c h a r a c t e r i z e d  by 
thaw lakes, i c e  wedge polygons,  and surfac and subsu r f ace  stream flows. 
Intra-permafrost water is also likely t o  be encountered, possibly a s  sudden 
inf lows .  The mining method should assess the  e f f e c t s  of excava t ions  on t h e  
t o t a l  hydrogeological  s p a c e  t o  be e f f e c t e d  (Appendix B, 2.7).  I n  some cases, 
s u r f a c e  water  may have t o  be d ra ined .  Particular a t ten t ion  should be paid 
t o  removal of minc water on t o  the surface ,  as t h i s  could r e s u l t  i r l  
increasing the volume of  water  t h a t  c y c l e s  through t h e  mine area. This 
c r e a t e s  n o t  on ly  a water  c o n t r o l  problem, b u t  perhaps i n  t h e  long run  a  
more s i g n i f i c a n t  thermal exchange problem t h a t  can lead LO s h a f t  misalign- 
ment, roof c o l l a p s e ,  and o t h e r  forms of deformation.  Planning on wa te r  
c o n t r o l  should be undertaken long b e f o r e  t h e  minc excavat ions  e n t e r  t h e  
region below t h e  permafrost .  The lower s e c t i o n  of permafrost  has  a temper- 
ature c l o s e  t o  f r e e z i n g  and can b e  a d i f f i c u l t  r eg ion  f o r  mining (Appendix 
B ,  5 .1 ) .  The wate r  supply and c o n t r o l  system should t ake  i n t o  account  
the e f f e c t s  of water  on t h e  thermal  regime of t h e  mine, e s p e c i a l l y  i n  areas 
of permafros t  w i th  a temperature c l o s e  t o  thawing. 
Wind speed and s u r f a c e  p r e s s u r e  may have an e f fec t  on altering the 
pressure gradient: between the surface and the mine ~ t ~ o r k i n g s ,  t h u s  a££ ec t i n g  
t h e  v e n t i l a t i o n  system (Appendix 13, 4.2).  A revers i .b le  v e n t i l a t i o n  s y s t e a  
may b e  worth cons ider ing .  Wind speed  can  also a f f ec t  s u r f a c e  coal s t o r a g e  
a r e a s ,  s u r f a c e  t r a n s p o r t a t i o n  systems, and areas of snow accumulat ion.  
Proper  designs, c o r r e c t  o r i e n t a t i o n  of s t r u c t u r e s  i n  r e l a t i o n  t o  wind 
d i r e c t i o n ,  proper  pos i t ioning of vehicle parks and the use of  r a i s e d  road 
beds a re  f a c t o r s  t o  be cons idered .  Wind d i r e c t i o n  and speed should  be  
cons idered  i n  the l o c a t i o n  of c o a l  s t o r a g e  a r e a s  t o  min imize  snow accuniu- 
l a t i o n  on t h e  coal (and subsequent thawing and f r e e z i n g  of t h e  coa l )  and 
t o  prevent wind blown dust. 
Permafros t  has  d i f f e r e n t  c h a r a c t e r i s t i c s  depending upon i t s  depth,  
n a t u r e  of i t s  c o n s t i t u t e n t s ,  i c e  con ten t  and h i s t o r y .  For c o a l  mining, 
t h e r e  a re  d i f f e r e n t  problems on the s u r f a c e  and deeper underground. S u r f i c i a l  
permafros t  d e p o s i t s  a r e  l i k e l y  t o  c o n s i s t  of a l luvium and the products  of 
%ass vrasting. Openinps through t h i s  unconsol ida ted  m a t e r i a l  must b e  
s t ronge r  t o  avoid  s t r u c t u r a l  deformation as t h e  m a t e r i a l  f r e e z e s  and thaws. 
Once i n t o  the  rock t h i s  problem is  cons ide rab ly  s t m p l i f i e d  (Appendix A, 2 . 2 ) .  
Unconsolidated m a t e r i a l s  n o t  s u b j e c t  t o  annual  thawing and a t  t empera tures  
lower than 28°F are f rozen  toge the r  and have g r e a t  strength (Appendix B, 5 .4 ) .  
Conceivably they  could b e  mistaken f o r  rocks ,  and i f  t h i s  happens, subse- 
quent thawing induced by mine o p e r a t i o n s  can cause roof suppor t  and s h a f t  
a l ignment  d i f f i c u l t i e s  (Appendix B, 4.1-5.5). Sandstones, c l a y s t o n e s ,  shales, 
and o t h e r  sedimentary rocks normally a s s o c i a t e d  with c o a l  seams o f t e n  c o n t a i n  
i n t e r s t i t i a l  mo i s tu re  which, when thawed o r  removed by subl imat ion ,  can cause 
rock s p a l l i n g  and sudden rock f a l l s .  Coal t h a t  is ha rd  when f rozen  under- 
ground may break i n t o  smal l  p a r t i c l e s  when thawed. One Russ ian  s o u r c e  states  
that  c o a l  p i l l a r  dimensions f o r  underground mining i n  permafrost  should b e  
d i f f e r e n t  from those  f o r  o the r  c l i m a t e s  (Sangara d e p o s i t ) .  It appea r s  t h a t  
f r e e z i n g  below 28°F i n c r e a s e s  t e n s i l e  s t r e n g t h  very s i g n i f i c a n t l y  b u t  h a s  
l i t t l e  effect on compressive s t r e n g t h  (Appendix B, 5.5)  . With p rope r  pre-  
cau t ions ,  p a r t i c u l a r l y  regarding thermal  exchange, i t  may b e  possible to 
u s e  on ly  l i m i t e d  amounts of roof suppor t  material w i t h i n  permafros t .  How- 
ever, t h i s  same c h a r a c t e r i s t i c  may compl ica te  adequate  roof c o l l a p s e  i n  
r e t r e a t  long wall mining. 
C a l c u l a t i o n  of  the  thermal changes likely t o  occur  w i t h i n  t h e  perma- 
frost over  t ime as  a r e s u l t  of t h e  mining operation i s  necessary  i n  the 
planning s t a g e s  (Appendix B, 5 .4) .  Permafros t ,  i f  maintained,  has  the g r e a t  
advantage t h a t  i t  deforms only s l owly .  For t h i s  reason ,  abandoned excava- 
t i o n s  can be filled w i t h  water which, when f rozen ,  will provide adequate, 
long term roof  suppor t  and prevent  s u r t a c e  subsidence. Ice i s  n o t  
particu1arl.y d i f f i c u l t  t o  rernove a t  a Later d a t e  should t h e  excavat ions 
need t o  b e  reopened. 
I n t r o d u c t i o n  of  v e n t i l a t i o n  a i r  and mine water  can cause  a change i n  
t h e  the rmal  regime and a g r a d u a l  i n c r e a s e  i n  rock  and c o a l  temperatures .  
This  in t u r n  can  result: i n  an i n c r e a s e 1  rate of chemical oxidat ion  which 
causes heat .  Under special circu~nstances in the Vorkuta area, t h i s  process 
appears  t o  have c o n t r i b u t e d  t o  spontaneous i g n i t i o n  and ex tens ive  under- 
ground f i r e s  (Appendix B ,  3 . 3 ) .  There may, t h e r e f o r e ,  be  v a l u e  i n  t e s t i n g  
the  s u s c e p t i b i l i t y  o f  A r c t i c  Alaskan coals  t o  spontaneous i g n i t i o n  under a 
range of tempera ture  and v e n t i l a t i o n  cond i t i ons .  
Sur face  mining w i l l  a l s o  be affected by permafrost. Slope s t a b i l i t y  
i n  unconsol idated sediments will be  a continuous summer problem as the banks 
thaw and erode.  Thawing at t h e  base  of the  excavat ion  will also occur .  
The mine is  l i k e l y  to receive water i n f l ow  during the summer from both sur -  
face  water arid w a t e r  from thawing permafrost .  Inf low i n  w i n t e r  i s  also 
p o s s i b l e  when thawed a q u i f e r s  a r e  encountered. Su r face  mining should, 
t he re fo re ,  assess t h e  hydrogeologica l  environment i n  which the o p e r a t i o n  is 
t o  be conducted. 
Coal d u s t  gene ra t ion  is  l i k e l y , t o  b e  extremely h igh  i n  large s c a l e  
s u r f a c e  mining under w i n t e r  condi t ions .  One S o v i e t  r e p o r t  on t h e  Kangalassk 
and Zyryansk s u r f a c e  mines describes such an o p e r a t i o n - a s  c r e a t i n g  s o  
much dus t  t h a t  v j s i b i l i t y  w a s  near zero £or equipment o p e r a t o r s  (Appendix B, 
4.7,  4 . 8 ) .  The s u s c e p t i b i l i t y  of the  mined c o a l  t o  dust gene ra t ion  under 
a v a r i e t y  of l o w  tempera ture  and humidity condit ions might p r o f i t a b l y  be  
determined i n  advance of mining. (At t h e  Usibelli Mine i n  Alaska, coal 
is b l a s t e d  r a t h e r  than  r ipped ,  partly t o  avoid d u s t ) .  
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The entrance of water ( o r  snow) i n t o  the  excavation may cause t he  c o a l  
t o  become f rozen  i n  large lumps eirher du r ing  transport o r  s t o r a g e .  The 
design of t h e  excavat ion  t o  m i n i m i z e  snow d r i f t i n g ,  water in f lows ,  and t h e  
affects of wind on blowing c o a l  dust would seem t o  be a p p r o p r i a t e .  
I f  t h e  excavat ion i s  subsequent ly  abandoned, there will be some signi- 
f i c a n t  choices  regard ing  r e s t o r a t i o n .  I f  t he  space is t o  b e  l e f t  as :is, 
t h e  s l o p e s  w i l l  l i k e l y  con t inue  to erode  a s  they thaw u n t i l  some form of 
stable slope i s  r e s t o r e d .  I f  f i l l e d  wi th  water ,  t h e  r e s u l t i n g  lake w i l l  
f r e e z e  only t o  a depth of l e s s  than t e n  feet. The remainder of the water  
w i l l  remain unfrozen throughout  the yea r  and c r e a t  a thawbowl around i ts 
edges and below. Depending upon the depth and local m i c r o c l i m a t i c  and 
e c o l o g i c a l  condi t ions ,  t h e  l a k e  may i n  time f i l l  i n  w i t h  v e g e t a t i o n .  If  
it is a f f e c t e d  by a s t r o n g  dominant o r  prevailing wind, i t  m a y  mig ra t e  
a c r o s s  the landscape. Whether o r  n o t  the c r e a t i o n  of  such a l a k e  would be  
a n  advantage o r  a d isadvantage  environmental ly  might b e  a s i g n i f i c a n t  ques t ion .  
I f  t h e  excavation is backfilled with thawed m a t e r i a l s ,  the  result could 
be  t h e  creat ion of a hollow due t o  t h e  absence of t h e  p rev ious ly  e x i s t i n g  
i c e .  Th i s  would depend upon t h e  type  of b a c k f i l l  used. An unfrozen, dry 
area can be a significant economic asset i n  a  region of waterlogged, ice 
rich permafrost .  P rope r ly  u t i l i z e d ,  i t  could become an e x c e l l e n t  town sire. 
Natural r evege ta t ion  will probably occur  a t  a much more r ap id  rate than,in 
ice r ich  permafrost areas. 
I n  t h e  case of both surface mining and underground mining wi th  h igh  
speed  equipment, the problem of d u s t  suppress ion  under winter conditions 
remains unsolved (Appendix A,  2.7). P o s s i b l e  approaches t o  this problem 
i n c l u d e  r e s p i r a t o r s  f o r  equipment ope ra to r s ,  the u t i l i z a t i o n  of special 
a d d i t i v e s  t o  water sp ray  t o  reduce d r a s t i c a l l y  the amount of wa te r  u t i l i z e d  
f o r  J u s t  supressior., t h e  c:anstr~tct ion 01 s p e c i a l  vacuum systems t o  renlovc 
d u s t  a long  t h e  working faces ,  hau l age  ways, and a t  coa l  transfer p o i n t s ,  
and a r t i f i c i a l l y  i nc reas ing  t h e  r e l a t i v e  humidity of t h e  mine atmosphere.  
These have a l l  been t r i e d  by t h e  S o v i e t s ,  b u t  n o t  wi th  (as f a r  a s  is  known) 
really high speed mining equipment. The r epor t ed  r e s u l t s  appear  not t o  
s a t i s f y  the  s t r i n g e n t  requirements  of U.S. mining codes. 
The effects of mining o p e r a t i o n s  on vege ta t ion ,  animal l i f e ,  wa te r  
q u a l i t y  and n o i s e  levels a r e  s ign i f i can t  not only ' f rom an environmental  
p o i n t  of view, but a l s o  from a  l e g a l  and human s tandpoin t .  Underground 
mining, p rope r ly  conducted, appears  t o  have l i m i t e d  e f f e c t  on t h e  local 
ecology under Eurasian A r c t i c  c o n d i t i o n s ,  p r imar i ly  because of t h e  s t a b i l i t y  
of permafros t ,  the general  absence of a c i d  mine water dra inage ,  and strict 
r e g u l a t i o n  of hunt ing  and o t h e r  a c t i v i t i e s  by people ,  t h a t  might  damage t h e  
environment (Appendix A, 2.10). Whether o r  n o t  t h i s  same s i t u a t i o n  would 
p e r t a i n  i n  A r c t i c  Alaska is ano the r  ques t ion .  Here t h e  mining organization 
would have  t o  t ake  into c o n s i d e r a t i o n  no t  only  t h e  a p p l i c a b l e  laws, but also 
the needs,  i n t e r e s t s ,  and c u l t u r a l  v a l u e s  of t h e  l o c a l  popu la t ion  and of the  
S t a t e  of N a s k a .  I n  add i t i on ,  Euras i a  l a c k s  t h e  migratory he rds  of  car ibou 
t h a t  c h a r a c t e r i z e  Arct ic  Alaska, a f a c t o r  that would have t o  b e  considered 
i n  mine s i t e  s e l e c t i o n ,  development and ope ra t ion .  
Mining ope ra t ions  are q u i t e  l i k e l y  t o  create a l oca l  ice fog  c a n d i t i o n ,  
and i f  situated i n  a v a l l e y  wi th  a w i n t e r  temperature inversion,  they nay 
cause  a win ter t ime air p o l l u t i o n  problem. Measures t o  combat this might 
i n c l u d e  t h e  l imi t ed  u t i l i z a t i o n  of  g a s o l i n e  and d i e s e l  powered surface 
vehicles, t h e  removal of mo i s tu re  from smokestacks, and the provis ian of 
h e a t i n g  systems t h a t  produce only  minimal a i r  p o l l u t a n t s  and mois ture .  
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Without proper precaut ions ,  and under the  r i g h t  microcl imat ic  condit ions,  
a deep surface mine could conceivably create its own ice fog  which i n  con- 
junc t ion  with extremely low temperatures and a high rate of dus t  genera t ion  
could develop a very unpleasant  working environment. One rather obvious 
answer t o  t h i s  problem would be t o  c lose  down o p e r a t i o n s  under ice fog pro- 
ducing condi t ions ,  which are l i k e l y  t o  exist for only a small por t ion  of t h e  
year  anyway, I n  i n t e r i o r  Alaska, however, these are the very times when 
coa l  is needed most. 
5.0 ARCTIC MINING/LoCAL Hm ENVIRONMENT INTERACTION 
The r e l a t i o n s h i p  between coal mine development and t h e  l o c a l  human 
environment is very l i k e l y  t o  be quite d i f f e r e n t  i n  Alaska  than  it has been 
i n  Eurasia, p a r t i c u l a r l y  i f  the opera t ion  is t o  be a l a rge - sca le  one designed 
f o r  a d i s t a n t  market. From a l o c a t i o n a l  po in t  of view, i.t i s  poss ib le  that 
Arctic Alaskan coal could be developed i n  an area that has  only a sparse 
o r  indeed no l o c a l  populat ion.  However, t h e  indigenous popula t ion  of Arctic 
Alaska has a tradition of u t i l i z i n g  l a r g e  areas for s u b s i s t e n c e  hunting 
and fishing, and it i s  quite un l ike ly  that a l a r g e  mining opera t ion ,  partic- 
u l a r l y  a su r face  mine, can be s o  located  as  not  t o  i n t r u d e  t o  at l e a s t  some 
degree into a r e a s  used by people. 
The t r a n s p o r t a t i o n  c o r r i d o r  and the support systems w i l l  undoubtedly 
a f f e c t  n a t i v e  Alaska, and a t  least a por t ion  of the labor force may be drawn 
from n a t i v e  Alaskans. 
These f a c t o r s ,  as suggested i n  Figure 4, might perhaps most appra- 
p r i a t e l y  be considered i n  establishing t h e  objecttves of the mining operation 
and i n  determining t h e  resource  and land a v a i l a b i l i t y ,  facets of mine 
development that must be considered early in planning. 
This approach a t  leas t  wou ld  m e e t  t h e  problems early, before  a l a r g e  
investment i s  made, and perhaps even e n l i s t  l o c a l  suppor t  f o r  t h e  mine 
development, a f a c t o r  of no s m a l l  significance i n  today ' s  p o l i t i c a l  environ- 
ment i n  Alaska. 
From a planning p o i n t  o f  view, one would have t o  assess t h e  e x i s t i n g  
and poss ib le  future l o c a l  l a n d  u s e  p a t t e r n .  This h a s  t h r e e  d i s t i n c t  aspects. 
The f i r s t  i s  t h e  c u r r e n t  and possible f u t u r e  l e g a l  status of the  land i t s e l f ,  
s i n c e  the final s e l e c t i o n s  of n a t i v e ,  state and Ee'deral lands have n o t  ye t  
been completed. Then, t h e  a c t u a l  economic land-use pattern shou ld  be 
a s ses sed .  This pat tern is  a func t ion  of  t h e  season  o f  t h e  y e a r ,  s u b s i s t e n c e  
hunting,  and animal migration p a t t e r n s ,  and is  n o t  i d e n t i c a l  w i t h  legal 
land  ownership. F i n a l l y ,  t h e  s e t t l e m e n t  p a t t e r n  i t s e l f  should  be  addressed,  
as i t  may a f f e c t  the t r a n s p o r t a t i o n ,  support and i n f r a s t r u c t u r e  requi rements  
of t h e  mine ope ra t ion ,  and i n  turn may be a f f e c t e d  by these .  The settle- 
ment p a t t e r n  h i s t o r i c a l l y  i n  Arctic Alaska has  a l s o  inc luded  temporary settle- 
ments e s t a b l i s h e d  around seasonal hun t ing  and fishing sites. 
The c u l t u r a l  va lues ,  s e t t l e m e n t  p a t t e r n s ,  and s e a s a n a l  land-use p a t t e r n s  
w i l l  a f f ec t  s i g n i f i c a n t l y  t h e  a t t i t u d e s  of the ind igenous  popu la t ion  and 
the l o c a l  l a b o r  fo rce .  Absenteeism has been a problem i n  c o a l  mines e l s e -  
where i n  t h e  no r th  us ing  l o c a l  l a b o r .  I n  Alaska a s i g n i f i c a n t  pe rcen tage  
of the popula t ion  is  accustomed t o  seasonal construction work. Hunting 
season  can be the cause o f  significant absenteeism (e,g., moose and ca r ibou  
seasons  i n  i n t e r i o r  and northern Alaska) ,  and t h i s  is  a f a c t o r  which should  
be taken into account i n  assessing l a b o r  force requirements .  
T o t a l  r e l i a n c e  on a n  o u t s i d e  l a b o r  f o r c e  c a r r i e s  w i t h  i t  c e r t a i n  o t h e r  
problems. Alaska i s  probably better provided with air t r a v e l  c a p a b i l i t i e s  
than any o t h e r  c o a l  b a s i n  i n  t h e  Arctic,  so  t h a t  employees from t h e  o u t s i d e  
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may n o t  feel committed t o  remaining a t  a p a r t i c u l a r  A r c t i c  l o c a t i o n .  
These l a b o r  f o r c e  c h a r a c t e r i s t i c s  and requi rements  need t o  b e  
considered i n  developing t r a n s p o r t a t i o n  p l ans ,  s e l e c t i n g  technology, and 
formula t ing  the mine method and p lan .  The mine ope ra t ion ,  depending on i ts  
size, l o c a t i o n ,  s i t e ,  and du ra t ion  may also have a s i g n i f i c a n t  e f f e c t  on 
l a b o r  f o r c e  c h a r a c t e r i s t i c s ,  l o c a l  a t t i t u d e s  and t h e  i n f r a - s t r u c t u r e  pattern.  
6.0 ARCTIC M I N I N G  AND THE NATION 
Mine development i n  A r c t i c  Alaska w i l l  b e  more affected by n a t i o n a l  
p o l i t i c a l  and economic systems than is t r u e  i n  most o t h e r  states of t h e  Union. 
Most of A r c t i c  Alaska 's  c o a l  resources  are l o c a t e d  i n  a r e a s  c o n t r o l l e d  by 
t h e  Fede ra l  Government and the development of t r a n s p o r t a t i o n  f a c i l i t i e s  t o  
expor t  this c o a l  w i l l  undoubtedly r e q u i r e  government approval .  It is n o t  
inconce ivable  that l a r g e  s c a l e  c o a l  development i n  A r c t i c  Alaska might ' 
r e q u i r e  l i t e r a l l y  an  A c t  of Congress. 
The development of a s u b s t a n t i a l  expor t  market w i l l  depend both  upon 
the economic s i t u a t i o n ,  the c a p a b i l i t y  of t h e  economic system t o  make and 
sustain l ong  term commitments of bo th  markets  and f i n a n c i a l  resources ,  and 
a l s o  on p o l i t i c a l  f a c t o r s .  
A s  po r t r ayed  i n  F igure  5 ,  government p o l i c i e s  a t  the f e d e r a l ,  s ta te  
and l o c a l  level w i l l  a l s o  impact on r e s o u r c e  and l and  a v a i l a b i l i t y ,  t h e  
commitment of l ong  term c o a l  r e se rves ,  on t r a n s p o r t a t i o n ,  and on t h e  s e l e c t i o n  
of technology, mining method and p lan ,  and mine ope ra t ions .  
From a technical p o i n t  of view, the literature search on Euras i a  suggests 
t h a t  mod i f i ca t ions  may b e  necessary  i n  e x i s t i n g  mine r e g u l a t i o n s  p a r t i c u -  
l a r l y  r e g a r d i n g  v e n t i l a t i o n  and t h e  u s e  of water f o r  d u s t  suppress ion  i f  
A r c t i c  c o a l  mining is t o  be  succes s fu l .  V e n t i l a t i o n  i n  A r c t i c  underground 
c o a l  n i n e s  a f f e c t s  n o t  only the gas c o n t e n t  of t h e  mine atmosphere, b u t  
may also affect  t he  degree of dust generation, ~ ~ o r k e r  comfort (wind c h i l l  
underground), roof s t a b i l i t y ,  p i l l a r  s t r e n g t h ,  shaft deformation and a l i g n -  
ment, permafrost  deg rada t ion ,  t h e  p o s s i b i l i t y  of spontaneous i g n i t i o n ,  and 
mine atmosphere humidity. High ventilation a i r  volumes and v e l o c i t i e s  do 
d i s s i p a t e  gas more e f f ec t i ve ly  than low a i r  volumes and v e l o c i t i e s ,  bu t  
they may do s o  a t  the c o s t  of creating o t h e r  problems t h a t  could be just 
as se r ious .  
High requi rements  f o r  t h e  use of  wa te r  f o r  dds't suppress ion  may no t  on ly  
i n c r e a s e  o p e r a t i o n a l  c o s t s ,  but a l s o  cause worker d iscomfor t ,  equipment 
f a i l u r e s ,  c o a l  f r e e z i n g ,  permafrost  degrada t ion ,  roof  i n s t a b i l i t y ,  and defor-  
mation of openings. 
These two examples c l e a r l y  sugges t  t h a t  t h e  a p p l i c a b l e  mining codes 
may have t o  b e  c a r e f u l l y  examined f o r  t h e i r  s u i t a b i l i t y  t o  A r c t i c  coal  
mining ope ra t  i o n s .  
While undoubtedly c o n t r o v e r s i a l ,  i t  may a l s o  be  t h a t  the laws and regu- 
l a t i o n s  governing t h e  environmental  impact o f  c o a l  mining may n o t  i n  a l l  
r e s p e c t s  be  s u i t a b l e  f o r  A r c t i c  Alaska. These laws and r e g u l a t i o n s  were 
developed f o r  a temperate ,  humid t o  subhumid, non-permafrost environment, 
and t h e i r  unmodified a p p l i c a t i o n  t o  a co ld ,  f rozen ,  A r c t i c  environment may 
c r e a t e  d i f f i c u l t i e s .  For example, a requirement  to completely r e s t o r e  t h e  
n a t u r a l  environment a f t e r  deep s u r f a c e  c o a l  mining would l o g i c a l l y  r e q u i r e  
r e c r e a t i n g  an ice-rich permafros t  environment, whereas s e v e r a l  a l t e r n a t i v e  
environments might b e  e q u a l l y  acceptab le .  
Because of t h e  magnitude of the r e sou rces  and the s i g n i f i c a n t  r o l e  of 
t h e  Federa l  government i n  t h e  development o f  A r c t i c  c o a l  mining, t h e  f a c t o r s  
t h a t  s e t  t h e  A r c t i c  Alaskan d e p o s i t s  a p a r t  from o t h e r  d e p o s i t s  deserve 
f u r t h e r  s tudy .  
7.0 FXVIRON!IEXTAL FACTORS hlATRIX 
Figure  6 is  a matrix developed in order t o  summarize t h e  s i g n i f i c a n t  
possible impact of the  l o c a l  environment on Arctic coal mining. lJhile no t  
exhaust ive,  i t  does p resen t  a check l is t  of f a c t o r s  a g a i n s t  which future 
proposa ls  f o r  mine development and stud:. , of Alaskan Arc t ic  c o a l  may be 
assessed .  
The v e r t i c a l  column lists t h e  major factors involved i n  developing on 
Arc t i c  coal  mine. The h o r i z o n t a l  r o w  l is ts  those l o c a l  environmental factors 
considered most s i g n i f i c a n t  i n  the planning phase. The i n t e r s e c t s  can be 
used for  placing q u a n t i t a t i v e  or q u a l i t a t i v e  es t imates  of t h e  impact on 
mining on the  environment and vice-versa. The host  important  probable impacts 
of t h e  environment on coal  mining are marked with an X. 


